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5ABSTRACT:
In this thesis, three studies were performed in order to investigate the relationships between
various enabling skills (phonemic awareness, rapid naming, short-term memory, and letter
knowledge), and word decoding and reading comprehension in the Latvian language. The
relationships between enabling skills and reading ability were examined in a concurrent
evaluation as well as in a longitudinal design.
The first study showed that phonemic awareness, rapid naming, and short-term memory
constitute separate factors. Among kindergarten children phonemic awareness and letter
knowledge were the only factors that significantly explained concurrent variance in word and
sentence reading, and impact from letter knowledge was more powerful than phonemic
awareness. Neither rapid naming nor short-term memory had any significant impact on
concurrent reading ability (Report I).
In the second, longitudinal study, phonemic awareness, rapid naming and short-term memory
were used as the independent factors, with reading ability as the dependent variable. Both
hierarchical regression analysis and growth curve analysis were employed in the statistical
analyses, and again the result showed that only phonemic awareness had power to predict
reading development from kindergarten to grade 2 in word reading as well as in sentence
reading (Report II).
In the third study reading comprehension assessed in the middle of grade 2 was used as the
dependent variable, with phonemic awareness, rapid naming, and verbal-short memory,
assessed in grade I as the independent variables. Structural modelling analysis showed that
phonemic awareness had the strongest indirect impact on subsequent reading comprehension
via word decoding, but no significant direct impact. However, it should be noted that rapid
naming had both a direct and an indirect impact on reading comprehension. Short-term
memory, again, did not have any significant impact on reading comprehension (Report lIT).
6INTRODUCTION:
Reading acquisition:
In modern society people pay a remarkable amount of attention to children's education. Most
school programs are based on information from printed materials and children's ability to
comprehend and use this kind of information. It is critical for children to learn to read because
"mastery of such a remarkable system as written language has become a highly valued skill
and prerequisite for success in our society" (Lundberg & Heien, 1997).
Before addressing more explicitly questions regarding relationships between phonological
skills, orthographic consistency, and early reading acquisition, we will briefly clarify the basic
theory underlying the empirical studies.
Reading is a complex developmental challenge, which is intertwined with many other
developmental accomplishments such as attention, memory, language, and motivation (Snow,
Bums & Griffin, 1998). Decoding and comprehension are different types of reading skill, but
in normal, skilled reading they work closely together. Decoding allows the reader to recognise
and pronounce the word, and thereby access its meaning. Comprehension applies not only to
accurate understanding of the text (that is, the basic meaning of the text), but also to the
reader's background knowledge about the situation described in the text (propositional
meaning). Reading ability is the product of the both - decoding and comprehension. Gough
and Tunrner (1986) have expressed this in their "Simple view of reading": Reading =
decoding x comprehension. If one of the factors is zero then the product is zero. Good reading
ability needs both (Adams, 1990; Perfetti, 1985).
In the literature we find several theories of how reading ability develops through time (Chall,
1983; Ehri, 1992; Frith, 1985; Gough & Hillinger, 1980; Spear-Swerling & Sternberg, 1996).
Heien and Lundberg (1988, 2000) provide a basic understanding of the conditions for the
emergence of word decoding strategies. Therefore, their model will be described in more
detail. They suggest the following four stages in reading development - the pseudo-reading
stage, the logographic-visual stage, the alphabetic-phonemic stage and the orthographic-
morphemic stage.
7At the pseudo-reading stage young preschool children are not aware of letters at all, but they
nonetheless can recognise some familiar words, e.g. mom, his/her name, based on their
contextual clues.
At the logographic stage children have still not grasped the alphabetic principle, and they treat
each word as an independent visual stimulus. For them, learning to identify words is a kind of
stimulus-response learning. This learning is based on fairly simple associations between a
graphical pattern (Iogographs) and the name of the word. In order to move on to the next
level, the alphabetic-phonemic stage, children need to learn to manipulate units of the words.
When children have acquired this skill, they are able to isolate and attend to individual
phonological segments and to manipulate letters. In order to identify the grapheme-phoneme
correspondence rules, that is, how a letter-sequence represents a sound-sequence - it is first
necessary to be able to pick out the units of sound (phonemes) in a word as it is pronounced
and the units of spelling (graphemes) in the word as it is written. Gradually children start to
discover some kind of patterns (familiar chunks) in words read frequently (Adams, 1990;
Goswami & Bryant, 1990). That gives them ability to use orthographic structure of word (for
example, morphemes) to recognise a lot of words instantly without having to sound them out
phoneme-by-phoneme. This allows the decoding process to become automated. This
automaticity is the hallmark of skilful reading (Adams, 1990; LaBerge & Samuels, 1974;
Wolf, 2001). Proficient word decoding depends primarily on efficient phonological and
orthographic decoding ability (Share, 1995; Share & Stanovich, 1995; Tunmer & Chapman,
1995), although if the word appears in a context, contextual cues may be used when decoding
unfamiliar words.
During recent years a considerable amount of knowledge has been accumulated about the
reading process and which subskills are critical for acquiring efficient reading ability (Kamil,
Mosenthal, Pearson & Barr, 2000). However, most of the research data regarding
relationships between enabling skills and reading acquisition have been collected among
children with English as first language (for overview, see B1achman, 1997). English is a
language with rather low transparency, i.e. it is characterized by low consistency in
grapheme-phoneme correspondences. Because of these biases in the data, more studies are
needed regarding the relationship between enabling skills and languages with more consistent
orthographies (Wimmer, 1993; Wimmer & Goswarni, 1994).
8The theory underlying the studies presented here (Heien & Lundberg, 2000), considers
reading as an unnaturally occurring part of any child's development. Learning to read does not
develop spontaneously, but requires human intervention and context. While skilful readers
seem to read 'naturally', the act of reading is in reality highly complex and intentional; it
requires the bringing together of a number of complex actions involving the eyes, the brain,
and the mind (e.g., motivation, interest, prior experience) that do not' occur naturally (for
overview, see B1achrnan, 1997; McGuinness, 1997; Snow et al., 1998). Therefore, the
hypothesis that acquiring reading ability is a natural process pretty much similar to the process
of learning to speak (Goodman, 1976) has gained little support in current reading research.
Enabling skills and early reading acquisition:
Although many factors influence the course of reading acquisition, a growmg body of
research has shown that some enabling skills are strong predictors of early reading success
(for a review, see Adams, 1990; Lundberg, Frost & Petersen, 1988; McGuinness, 1997;
Wagner, 1988). Predictors are understood as "skills or abilities that have been demonstrated
to contribute to reading development, and which are in themselves definable, measurable, and
potentially modifiable through teaching" (Muter, 2000). Especially four enabling skills have
been at the focus of interest: Phonological awareness, rapid naming, short-term memory. and
letter knowledge.
Phonological awareness:
It is well documented that measures of phonological awareness measures are strongly related
to early reading acquisition (for overview, see Brady, 1997; Wagner, Torgesen, Rashotte,
Hecht, Barker, Burgess, Donahue & Garon, 1997).
The term phonological awareness refers to the ability to extract and manipulate small
segments of spoken language. Many studies have shown that measures of phonological
awareness in pre literate children can successfully predict later reading achievement (Badian,
92000; Blachrnan, 1984; Lundberg et al., 1988; Snow et al., 1998; Stanovich, Cunningham &
Cramer, 1984). Even when variance in prior word reading skill is partialed out, early
phonological awareness still predicts significant variance in subsequent word and nonword
reading as well as in reading comprehension (Torgesen, Wagner & Rashotte, 1997).
In order to understand how phonological awareness would predict early reading acquisition is
necessary to explore different forms of this skill and how they would be accessed. Bentin
(1992) suggests that the tests assessing phonological awareness may differ along at least three
dimensions: operation required (for example, isolation of phonological segment of the word
or detection), manner of testing of phonological awareness (indirect or explicit aptitude), size
of the operated segment (for example, whether the operated segment is a syllable or a
phoneme). Indirect aptitude means the sensitivity to sub-word phonological segments,
although awareness of those segments is not directly tested (for example, rhyme detection).
Explicit aptitude refers to the direct detection of the words' phonemes (for example, phoneme
segmentation or deletion). On the basis of how phonological skills are measured Adams
(1990) indicates four types of these skills: syllable and phoneme segmentation tasks (for
example, the child is asked to count syllables in the word), phoneme manipulation tasks (for
example, the child has to delete a specific phoneme from the word), sound blending tasks (the
child is asked to synthesize the phonemes), and rhyming tasks (for example, the child has to
identify the "odd word out").
The phonological difficulties may have different consequences for words decoding depending
on the degree of grapheme-phoneme consistency characterising the language (Muller &
Brady, 2001). Orthographies can be put on an orthographic depth continuum from transparent
to deep structure. Transparent, or consistent, languages have almost perfect phoneme-
grapheme correspondences, where one grapheme almost always maps onto one phoneme and
vice versa. When decoding words in a consistent language, Wimmer and Landerl (1997)
hypothesise that the decoding process more easily allows for phonological recording of
words. The Latvian language is highly consistent in spelling. Each letter in general
corresponds only to one phoneme. All vowel letters except two always encode the same
vowel sounds. There are, however a few diphthongs in the language; therefore, the number of
letters in a word is not always the same as the number of phonemes. Irregular words,
however, occur very rarely in Latvian. Because the Latvian language is orthographically
highly consistent, we assume that learning to decode words phonologically does not represent
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the same difficulties as those encountered by students having to learn a highly inconsistent
language.
Why is phonological awareness such a powerful predictor of reading ability? One important
aspect of phonological awareness entails the ability to shift perspective when dealing with
words. When students are acquiring general language ability, it is important that they attend to
the meaning of the words. But in order to learn to read, they have to attend to the phonology
and orthography. This shift in perspective is a necessary for them to grasp the alphabetic
principle, which is fundamental for when acquiring competence in phonological decoding.
Especially phonemic awareness, which will be addressed in the next paragraph, plays a
critical role in breaking the alphabetic code.
Phonemic awareness refers to the ability to segment a word into its constituent phonemes and
to consciously manipulate these linguistic units. Phonemic awareness is a type of
phonological awareness, but because it entails a special, measurable skill, we will include it as
a separate term. Most studies have concluded that phonemic awareness is the single most
important phonological factor underlying efficient reading acquisition (Brady, 1997;
Lundberg & Heien, 2001; Share & Stanovich, 1995; Wagner et aI., 1997), and skill in
phonemic awareness in preliterate children can successfully predict later reading achievement
(for overview, see Badian, 2000; Lundberg et al., 1988; Snow et al., 1998). Finally,
difficulties in phonemic awareness have also been identified as the most critical factor
underlying the severe word-decoding problems displayed by reading-disabled individuals (for
overview, see Adams, 1990; Blachman, 2000; Rack, Snowling & Olson, 1992; Snow ling,
1981, 2000).
Rapid naming:
Rapid naming is another phonological skill, which has been studied as a predictor and a
correlate of reading performance, and it has also been considered as a measure sensitive to
subtypes of reading disability children (Wolf, 1997). Rapid naming refers to the ability to
retrieve words very quickly. It is usually assessed through the ability to name colours, letters,
numbers and objects quickly upon their presentation. Rapid naming skill is considered
relevant to reading because it is indicative of how readily children can visually decode and
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gain access to the phonological and semantic identities representing the target item (Bowers &
Swanson, 1991; Cornwall, 1992). Thus, rapid naming may have an impact on both word
decoding and reading comprehension.
The question of whether or not skill in rapid naming is distinct from other phonological skills
has been the focus of considerable attention in recent research (Cutting & Denckla, 2001;
Muter & Snowling, 1998; Wolf, 2001). Wagner and Torgesen (1987) assumed them both to
be a reflection of a unitary phonological process. Other researchers, however, did not find any
strong correlation between these two skills (Badian, 1993; Cornwall, 1992; Felton & Brown,
1990). This suggests that rapid-naming tasks appear to measure something separate from
phoneme awareness (for overview, see Wolf, 2001). Students who have problems with both
tasks tend to be at the lowest end of the reading continuum, indicating that a "double-deficit"
may cause these severe reading difficulties (Wolf & Bowers, 1999). In this thesis this issue
will be addressed.
Scarborough's (1998) review of longitudinal studies indicates that rapid naming was at least
as strongly related to later reading skills as letter name knowledge and phonological
awareness. It might be the case that the relationship between rapid naming is age-dependent.
Pennington, Cardoso-Martins, Green and Lefly (2001) hypothesised that variation in rapid
serial naming was particularly important at the stage when the student employs an
orthographic strategy when decoding words, whereas phonemic awareness was more
important when decoding words phonologically.
It is not difficult to understand that rapid naming and word reading may be related to each
other, since both skills share some common cognitive-linguistic processes. In addition to
attention control and visual processing, both skills require ability to activate and retrieve
phonological and articulatory identities (Bowers & Wolf, 1993). But inefficient word
decoding will also impede reading comprehension. A slow and faulty word decoding process
consumes cognitive resources, leaving less mental resources available for the comprehension
process (for overview, see Heien & Lundberg, 2000; Stothard & Hulme, 1992).
Most studies addressing the impact of rapid naming skill on reading achievement have been
carried out on English-speaking children in school age. This is unfortunate in that English has
an orthographic system that is less regular than many other languages. It could be the case that
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students learning to read in an orthographically regular language like Latvian? that is a
language with a written system that mirrors the phonology more consistently than in English,
may learn to read in slightly different ways and at slightly different rates. A subskill like rapid
naming may impact differently on Latvian children than on children in the US or UK.
Many studies on the impact of rapid naming have been done among dyslexic students (Snyder
& Downey, 1995), but fewer studies have also addressed the relationship between rapid
naming and word reading among normally developing readers (Cutting & Denckla, 2001).
However, the naming speed differences between skilled and less-skilled readers are not yet
resolved (Meyer, Wood, Hart & Felton, 1998; Scarborough, 1998; Wolf, 1997).
Short-term memory:
A third enabling skill that has been considered important for reading acquisition is short-term
memory. It is well known that children with dyslexia are scoring low on simple short-term
memory tests, for example the digit-span subtest on WlSC-R (Wagner & Torgesen, 1987).
The question is whether or not difficulties in short-term memory can explain variance in word
performance also among children not defined as having dyslexia.
Before addressing more explicitly questions regarding relationships between short-term
memory and reading acquisition, we would like to point out some aspects of the different
terms used for describing memory (for overview, see Neath, Brown, Poirier & Fortin, 1999).
The term phonological memory refers to the retention of verbal information in a phonological
code in a temporary memory system. Earlier studies described this as a verbal short-term
memory and usually used span measures, e.g. repeating back a short list of digits or words, as
the means of measurement. Also in this study span tests were used as a short-term memory
indicator. Subsequently conceptualisation have extended the construct going beyond the
passive storage of verbal input to a more active work space (called working memory), which
serves perception, sentence analysis, information retrieval from a long-term memory,
assembly of spoken output and elements of spoken or written language use. Reduced capacity
or impaired quality of phonological information in the phonological memory has been
hypothesised as corresponding to reading disability (Brady & Shankweiler, 1991; Gathercole
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& Baddeley, 1993; Hansen & Bowey, 1994; Hanten & Martin, 2001; Pennington, van Orden,
Kirson & Haith, 1991).
The child's ability to memorise and repeat verbal information has also been used as a
predictor of reading achievement. It is well known that reading ability and short-term memory
are significantly correlated (Wagner & Torgesen, 1987), and Scarborough (1998) also refers
to several studies showing that verbal short-term memory significantly predicts later reading
ability. However, there are some studies which show that short-term memory is not
significantly related to reading when phonemic awareness is partialed out (Wagner, Torgesen
& Rashotte, 1994). Methodological issues can probably explain some of the dissonance in the
results reported.
Short-term memory, and primarily working memory, is also important when constructing
meaning above the level of identifying single words (McDougal & Hulme, 1994; Oakhill &
Yuill, 1996; Scanlon & Vellutino, 1997; Stothard, 1994). For example, when reading
sentences, the reader needs to have lexical access to the phonological and semantic identities
of many words at the same time (Willis & Gathercole, 2001). The short-term memory also
stores phonological identities at the word level, and this information is critical for obtaining
success when reading and interpreting sentences. For example, a student reading a sentence in
a text must have access to previously mentioned actors and objects in order to grasp who or
what the pronouns are referring to. He/she also needs contextual information to integrate
coherently the information presented in the current sentence with the information previously
read. Therefore, a reader may be unable to comprehend a written sentence even when he/she
has lexical access to each single word in the sentence (Stothard & Hulme, 1992; Yuill &
Oakhill, 1991).
In the present thesis digit-span and letter-span tasks were employed, as indeed they often are
in reading research, but it has to be taken into account that span-tasks only assess a restricted
area of working memory.
All three enabling skills mentioned above may have both an indirect and a direct impact on
reading comprehension. The indirect impact goes through variance in word decoding, and it is
clearly documented that word decoding and reading comprehension are highly correlated (for
overview, see Adams, 1990; Snow ling, 2000). Due to the fact that abilities in phonological
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skills, and primarily ability in phonemic awareness, play a critical role in acquiring word
decoding competence (see Stanovich, 2000), we may assume that phonological skills have a
substantial indirect impact on reading comprehension. For example, in a recent study, Engen
and Heien (in print) found that phonemic awareness also had a direct impact on reading
comprehension in addition to the indirect impact via word decoding ability, The direct and
indirect impact of the phonological skills on reading comprehension among young children
using a highly consistent language, is an issue of concern in the present thesis.
Letter knowledge:
Research has also provided convincing evidence that letter knowledge accounts for a
substantial part of the variance in word recognition (Gallagher, Frith & Snowling, 2000;
Muter, Hulme, Snowling & Taylor, 1998). The term letter knowledge is defined as the ability
to name the letter and / or to pronounce the sound of the letter.
There are at least two possible reasons why knowledge of letter names or sounds is an
important predictor for children learning to read. Obviously, "knowledge of letter sounds is
necessary for children to understand that there is a systematic relationship between the
spelling patterns of words and their pronunciations" (Muter, 2000). Also, it can be assumed
that young children are creating maps between the orthographic representations of words and
their phonological forms, but for this process letter knowledge is necessary to "translate"
words in their sounds' equivalents (Ehri, 1992; Rack, Hulme, Snowling &Wightman, 1994).
Many recent studies have suggested that letter knowledge accounted for more variance in
word decoding tasks than measures of phonemic awareness (Byrne & Fielding-Bamsley,
1989; Muter, Hulme, Snow ling & Taylor, 1998). However, a large number of other
researchers have reported that phonological skills are the major predictor of reading
achievement (Wagner, 1988). Additionally, we have to point out that not only phonological
skills and letter knowledge make separate and specific contributions to early literacy, but
there is an additional significant contribution from the interaction of these skills (Muter et al.,
1998). The interactive effect of letter knowledge and phonological skills (measured with
segmentation tasks) was proposed by Hatcher, Hulme, and Ellis (1994) as "the phonological
linkage hypothesis." Training children simultaneously on phonological awareness and letter
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names gives the best effect for reading progress, and we assume that this is true independently
of the orthographic consistency of the target language.
HYPOTHESES AND RESEARCH QUESTIONS:
The following main issues were addressed in the present thesis:
What are the interrelationships between phonemic awareness, rapid naming, and verbal
short-term memory among Latvian students in kindergarten?
What impact do phonological skills, assessed in kindergarten, have on concurrent word
decoding and sentence reading when using a language having a highly consistent
orthography?
What is the power of phonemic awareness, rapid naming, and short-term memory,
assessed among students in kindergarten, to predict subsequent reading skills (word reading
and sentence reading) in the middle of grade 1, at the end of grade 1, and in the middle of
grade 2?
What power do phonemic awareness, rapid naming, and short-term memory have to
predict the slope of the curves characterising word and sentence reading development from
kindergarten to the middle of grade 2?
What are the direct and indirect relationships between phonemic awareness, rapid naming,
and short-term memory assessed among students in the middle of grade 1, and reading
comprehension assessed in the middle of grade 2?
COMMON METHODS AND DESIGNS:
In the present studies, the children were followed up from kindergarten to the middle of grade
2, and assessments were performed regularly at six-month intervals. In kindergarten 76
students (40 girls and 36 boys) participated, but at the end of the study (in the middle of grade
2), only 55 (29 girls and 26 boys) of the original children still were available for assessment.
The dropping out of children seems to be rather random, primarily caused by parents moving
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to other cities in Latvia. All students were assessed individually with qualified assistants
under the control of the project leader.
In reading research, various methods have been used to assess phonemic awareness (Adams,
1990; Yopp, 1988). In the phoneme deletion test the child has to identify and delete the first
and the last phoneme of the target word and pronounce the word/non word remaining after the
deletion. In the phoneme isolation test the child has to isolate and pronounce the first or the
last sound of well-known words, whereas the phoneme segmentation test assessed the child's
ability to identify phonemes in orally presented words. In the present thesis phoneme deletion,
phoneme isolation, and phoneme segmentation tests were used to get a latent measurement of
phonemic awareness.
Two methods have been used in reading research for measuring rapid naming: confrontation
naming and rapid serial naming (Wolf & Bowers, 1999). When using confrontation naming,
common objects or colours are presented one at the time on the computer screen, and the
response time, that is the time between presentation of the item and when the voice key is
activated by the child's oral response, is recorded. When employing the rapid serial naming,
all items are presented at the same time on the screen, and the child has to name as many of
the items as possible during a restricted time interval (e.g. 2 minutes). Although both methods
have some similarity (for example both tests measure the ability to visually identify the
object, activate and retrieve the phonological identity corresponding to the item, and articulate
the word), the rapid serial naming also involves additional processes, for example visual
scanning the string of objects. In reading research, the rapid-serial naming methods have been
most often used, and we therefore decided to use this method in our work. Objects and
colours were used in the statistical analysis to get a latent variable representing rapid naming.
As already mentioned, when assessing short-term memory, the traditional digit-span test was
used. This test is well known from WISC-R (Wechsler, 1974), and it is well documented that
dyslexic children score low on this subtest. However, it has to be kept in mind that the main
focus in the present studies was to address the possible relationship between short-term
memory and reading ability in a broader sense.
In the present thesis both cross-sectional and longitudinal designs were used. The dependent
variables were measures of reading skills (achievement in reading words, sentences, and
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texts), whereas phonemic awareness, rapid naming, and short-term memory represented the
independent variables.
When investigating the impact of early predictors on later reading achievement, most studies
have used traditional correlation analyses. Some studies, however, have addressed the
relationship between early predictors and the growth curve characterising the reading
development. Growth-curve analysis provides information about the parameters of the best
fitting curve of individual reading development, such as the linear slope. By further statistical
analyses, for example hierarchic regression analysis, the individual slope values can be used
as a dependent variable to find which predictor factors are most powerful in explaining the
growth of reading development (Jacobson & Lundberg, 2000).
One way to conceptualise the relationship between a variable's direct and indirect impact with
the other variables is in the terms of structural analysis (Steiger, 1989). When employing
latent variable measurement with more than one manifest indicator errors of measurement are
corrected for (cf. correction for attenuation). Thus, the relationships between latent variables
are in a sense error free and not masked by unreliability.
SUMMARY OF THE EMPIRICAL REPORTS:
Report J:
76 preschool children (40 girls and 36 boys) in Latvia were tested in order to examine the
relationships among various enabling skills and early reading achievement. The children
were randomly selected from four different kindergartens in the city of Riga. They ranged
in age from 6 to 7 years. Only children from mono-linguistic Latvian-speaking families
were included in the study. The test battery included nine measures to assess phonological
skills: rhyming, syllable counting, phoneme deletion, phoneme isolation, phoneme
segmentation, object naming and color naming tests, digit-span and letter-span tests. Three
tasks were used to assess reading skills: letter knowledge, word decoding and sentence
reading.
18
One of the aims of this study was to examine the relationship between the various types of
phonological skills. A principal component analysis gave three latent factors: a phonemic
awareness factor, a rapid naming factor, and a short-term memory factor.
The factor scores obtained were used in the hierarchical regression analyses. Only
phonemic awareness accounted significantly for unique variance in the reading tasks.
Neither naming nor short-term memory contributed to explain additional variance in
reading performance.
However, when letter knowledge was entered into the equation as an independent variable,
the results replicated previous findings showing that letter knowledge is the most powerful
factor predicting reading ability.
In sum, the main finding in the first study was that phonemic awareness and letter
knowledge assessed in kindergarten were the most powerful predictors of concurrent word
reading ability in an orthographically consistent language like Latvian.
Report II:
The aim of this study was to investigate the power of early measures of phonological skills
(phonemic awareness, rapid naming, short-term memory) in predicting later reading skills at
various points of time. 70 kindergarten children (39 girls and 31 boys), with an age range from
6 to 7 years, were followed from kindergarten to the middle of 2nd grade. The assessments were
repeated twice a year.
The test battery included two measures of reading skills: word decoding and sentence reading,
and six measures of phonological skills: phoneme deletion and segmentation tests, object
naming and color naming tests, digit-span and letter-span tests. In further statistical analyses
the raw scores of the tests were transformed into composite scores representing phonemic
awareness, rapid naming and short-term memory.
Two different statistical methods were applied to study the predictive power of kindergarten
assessment of phonological skills: regression analyses and growth curve analyses.
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In the hierarchical regression analysis, phonemic awareness in kindergarten explained about
27% of the variance in word reading six months later and about 9% of the variance at the end
of 1st grade. Even when prior level of reading skill was included in the equation, a significant
amount of variance was still explained by phonemic awareness. When using sentence reading
as the dependent variable, phonemic awareness explained about 16% of unique variance after
six months, and about 13% of the variance in the middle of 2nd grade.
Phonemic awareness was also the only phonological factor that accounted for significant
variance in the word reading slope, explaining about 15% of the variance in word reading
development. However, phonemic awareness did not predict the slope of the sentence curve.
The other predictor variables did not explain additional variance, neither in the development of
word reading nor in sentence reading.
ReportID:
The enabling skills may have both an indirect and a direct impact on reading comprehension.
The indirect impact goes via word decoding, whereas the direct impact goes directly from the
enabling skills to reading comprehension.
The aim of the study was to examine the direct and indirect impact of enabling skills assessed
in kindergarten on reading comprehension assessed one year later. The students (29 girls and
26 boys) were followed from the middle of grade 1 to the middle of grade 2. They were
assessed with a battery of enabling tasks and reading comprehension tests. A principal
component analysis of the phonological tasks revealed three separate factors: phonemic
awareness, rapid naming, and short-term memory factor. A structural modelling analysis
(EZPath) was used when analyzing the direct and indirect relationship between latent
variables. Indirectly both phonemic awareness and rapid naming explained unique variance in
reading comprehension, but phonemic awareness was most powerful. However, phonemic
awareness did not have any direct impact on reading comprehension. Thus, our results did not
verify research findings that phonemic awareness also has a direct impact on reading
comprehension.
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It is noteworthy that rapid naming had a direct impact on reading comprehension, accounting
for about 6% of unique variance. Our study showed that rapid naming assessed in grade I had
the power to predict some variance in reading comprehension one year later. When
summarising the direct and indirect impact on reading comprehension, our findings show that
phonemic awareness and rapid naming contributed to explain approximately the same amount
of unique variance in the dependent variable. Therefore, a test battery in grade I should also
include a test assessing rapid naming.
OVERALL DISCUSSION AND CONCLUSIONS:
It should be mentioned that the number of students participating in the studies was rather
small. Multivariate regression analyses, growth curve analyses and structural modelling
require larger groups to yield stable and reliable results. Cross validations are certainly called
for. A more comprehensive study would also have allowed for more sophisticated analyses,
for example, with focus on different subgroups of reading-disabled students.
With these limitations in mind, we will sum up the main findings:
I) Among children in Latvian kindergartens, a principal component analysis gave three
separate phonological enabling skills: phonemic awareness, rapid naming, and short-
term memory (Report I).
2) The results of multiple regression analyses revealed that among phonological factors
only phonemic awareness accounted significantly for unique variance in concurrent
word and sentence reading. Neither naming nor short-term memory contributed to
explain any variance in these reading tasks (Report I).
3) When letter knowledge was entered into the equation it accounted for more variance in
word decoding tasks than measures of phonemic awareness (Report I).
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4) Phonemic awareness assessed in kindergarten has power to predict significantly word
and sentence reading ability in grade 1 and grade 2. Neither naming nor short-term
memory had any predictive power (Report II).
4) When using growth curve analysis, phonemic awareness assessed in kindergarten was
the only factor that significantly predicted the curve slopes for word decoding (Report
II).
5) The structural modelling analysis showed that both phonemic awareness and rapid
naming assessed in grade 1 had a significant indirect impact on reading comprehension
one year later. However, only rapid naming contributed directly to explain any
variance in reading comprehension (Report III).
The general aim of this thesis was to focus on some of the aspects of the relationships between
various enabling skills and early reading acquisition in the Latvian language. The present
thesis adds further evidence to the critical role played by phonemic awareness in reading
acquisition, and our findings also showed that the importance of phonemic awareness does not
depend on the orthographic consistency characterizing the language used in the study.
The mutual relations between different types of phonological skills also were investigated. The
results in our thesis give some support to researchers who hypothesize that phonemic
awareness and rapid naming are distinct phonological skills and that both skills provide a
unique contribution in explaining efficient reading ability (for overview, see Wolf, 2001).
Furthermore, the power of early measures of phonological skills (phonemic awareness, rapid
naming, short-term memory) was assessed in relation to concurrent and later reading skills. In
our studies phonemic awareness assessed in kindergarten accounted for concurrent variance in
word or sentence reading and predicted subsequent variance in them as well. Even when letter
knowledge was entered into the equation, still phonemic awareness explained unique variance
in word decoding among kindergarteners.
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Rapid naming did not account for subsequent variance in word or sentence reading, but it is
noteworthy that rapid naming assessed in grade 1 was the only phonological factor having a
direct impact on reading comprehension one year later.
No direct or indirect relationships were found between short-term memory and reading
comprehension. This result was somewhat surprising. However, as mentioned, the simple
short-term memory tasks used in the present study (digit-span and letter-span tasks) are
probably not powerful enough to capture the more critical working memory processes
involved when reading connected text (Oakhill & Yuill, 1996; Stothard & Hulme, 1992).
Nevertheless, among all predictors of early reading skills letter knowledge accounted for more
variance in word decoding tasks than measures of phonological skills. Thus, the present
results are in agreement with the findings, showing the power of letter knowledge to explain
variance in early reading acquisition and that phonemic awareness and letter knowledge
makes separate and specific contributions to beginning literacy (see also Frost, 2001).
In the present thesis the focus bas been on the relationship between enabling skills and reading
acquisition. However, the psychological research has to be supplemented with biological
studies to acquire information about the neurological mechanisms underlying deficits in
enabling skills and difficulties learning to read. Recent research in this field has made
important progress (Galaburda, 1989; Hugdahl & Heiervang, 1999; Nicolson & Fawcett,
1999), but it is still important for further research to increase our knowledge about the impact
of biological processes on the acquisition of enabling skills and skilful reading.
Finally, the present thesis had a goal to widen the understanding of how would be predicted
early reading skills in consistent orthography. The results give some support to researchers
who hypothesize that distinct phonological skills can predict successfully reading ability at the
one time points but fail - at another. Whereas phonemic awareness is a good predictor already
among kindergarten children, rapid naming might be a more powerful predictor of subsequent
orthographic reading. Therefore, a diagnostic reading test should include phonemic awareness
and rapid naming tasks, as well as tasks assessing letter knowledge. Such a diagnostic test may
be very useful when planning appropriate remedial intervention.
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Enabling Skills in Early Reading Acquisition: A Study of Children in
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Abstract. Preschool children in Latvia were tested in order to examine the relationships
among various enabling skills and early reading performance. A principal component analysis
indicated three factors: a phonemic awareness factor, a naming factor, and a short-term
memory factor. Multiple regression analyses with word identification and sentence
comprehension as dependent variables yielded further support to the powerful role played by
phonemic awareness in explaining variance in both these aspects of reading. Unexpectedly,
neither naming nor short-term memory contributed to explain unique variance in word and
sentence reading. The Latvian orthography is very consistent, and our results provide further
evidence to the importance of phonemic awareness in early reading acquisition especially in a
transparent language. Therefore, the tasks used when assessing phonemic awareness can be
very useful when screening children at risk for developing reading problems. Enhancing
children's letter knowledge and phonemic awareness skills should be a priority goal in the
kindergarten classroom.
KEY WORDS: Phonological skills, Phonemic awareness, Verbal short-term memory,
Naming, Letter knowledge, Reading, Word decoding, Sentence reading.
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Introduction
A growing body of research has shown that phonological awareness measures are strongly
related to early reading acquisition (Brady 1997; Wagner, Torgesen, Rashotte, Hecht, Barker,
Burgess, Donahue & Garon 1997). The term phonological awareness refers to the ability to
extract and manipulate small segments of spoken language. Many studies have shown that
measures of phonological awareness, and especially phonemic awareness, in preliterate
children can successfully predict later reading achievement (for overview, see Badian 2000).
Phonemic awareness is a type of phonological awareness. It refers to the ability to identify
and/or manipulate the separate phonemes constituting a word. Importantly, deficits in
phonemic awareness have also been identified as the critical factor underlying the severe
word-decoding problems displayed by reading-disabled individuals (for overview, see
Stanovich 2000).
Various tasks have been used to measure phonological awareness. A question of concern
is the relationship between the various types of skills that constitute phonological awareness.
It may be the case that the various tasks used to assess these skills are differentially sensitive
or differentially age-appropriate indicators of a unitary construct of phonological sensitivity
(see e.g. Stanovich 1992). Alternatively, it could be the case that various phonological tasks in
fact reflect different basic constructs (e.g. Bentin 1992). This is an issue to be addressed in the
present study.
It is also obvious that other enabling skills that are not a part of phonological awareness
influence the course of reading acquisition in pre-school age. Children with reading problems,
for example, often have short-term memory problems (Baddeley 1986; Wagner & Torgesen
1987), and have slower speed when naming familiar visual symbols (e.g. digits, letters,
colors). (For overview, see Wolf2001)
Most findings regarding the close connection between enabling skills and reading skills
are based on studies among children and adults who have English as their native language (for
a review, see Blachman 1997). English differs from many other alphabetic languages in its
relatively low grapheme-phoneme consistency, but the orthographies vary concerning
grapheme-phoneme consistency.
Orthographies can be put on an orthographic depth continuum from transparent to deep
structure. Transparent, or consistent, languages have almost perfect phoneme-grapheme
correspondences, where one grapheme always maps onto one phoneme. In deep orthographies
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where the same phoneme can be represented by different letters, English is considered to have
a deep structure, whereas Finnish orthography represents a very transparent orthography.
The orthography of a language may have an impact on the relationship between enabling
skills and early reading acquisition. For example, a transparent language is easier to decode
than languages with a deep orthography, and it could be anticipated that phonological
decoding will account less of the variance in learning to read. Landerl, Wimmer & Frith
(1997), for example, hypothesize that a higher degree of competency in phonological
recoding skills is required when decoding words in an inconsistent language such as English,
compared to a highly consistent language such as German. When decoding words in
consistent languages, Wimmer and Lander! (I997) hypothesize that the decoding process
more easily allows for the phonological recoding of words into syllables on-line. Some
studies using languages with more consistent orthography than English (e.g. German, Italian,
Serbo-Croatian, Turkish, and Greek) yield some support for this hypothesis (Cossu,
Shankweiler, Liberman & Gugliotta 1995; Wimmer 1993; Wimmer & Goswami 1994).
However, this hypothesis may not accord with an early stage of reading acquisition.
Obviously phonological skills are especially important when the child is learning to decode
words. Therefore, differences in phonological skills at this stage may cause clear variance in
word decoding achievement. the phonological strategy is normally acquired before the
orthographic one (Frith 1985; Heien & Lundberg 1988). Share (1995), for example, refers to
the phonological strategy as a "self-teaching" mechanism that helps children to develop
reading competence and gradually acquire a larger store of sight words. However, as soon as
the fundamental phonological skills are acquired, variation in these probably will diminish,
and consequently account for less of the variance in reading ability. In accordance with these
assumptions, we hypothesize that phonological skills play an important role among children
in kindergartens learning to read even when the language is highly transparent.
The Latvian language is highly consistent in spelling. Each letter in general corresponds
only to one phoneme. All vowel letters except two always encode the same vowel sounds. For
example, if a child knows the sound symbolized by the letter u, then he or she knows
immediately the phoneme to use when reading off words such as upe, fuga and eju. And
conversely: when trying to spell these words, the child's own pronunciation will fairly
unambiguously allow himlher to find the right letters. There are, however, a few diphthongs
in the language; therefore, the number of letters in a word is not always the same as the
number of phonemes. Irregular words, which are very frequent in English, occur very rarely
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in Latvian. In this respect Latvian is very different from English and very similar to highly
transparent language.
The question of whether or not skill in rapid naming is distinct from other phonological
skills has been the focus of considerable attention in recent research (Cutting & Denckla
2001; Muter & Snowling 1998; Wolf 2001). Wolf and Bowers (1997) offer a specific
mechanism through which naming deficits might contribute separately to reading difficulties.
They propose that children who are slow at naming printed symbols may have trouble reading
because they are not activating the visual and phonological codes for the printed letters in
memory close enough in time to encode the letter combinations that occur frequently in print.
Hence they do not build up their knowledge of orthographic patterns of words as quickly as
children with faster letter identification skills. However, a majority of the studies that have
addressed the impact of naming on reading achievement, have been performed by English-
speaking children in school age. Often the participants have been children with reading
difficulties. For example, the double deficit theory by Wolf and Bower (1997) claims that
naming explains a separate and unique contribution of the variance in reading achievement in
addition to the variance caused by skills in phonological awareness. In our study we also
addressed to what extent naming contributed to explain variance in early reading acquisition
among kindergarten children using a highly consistent orthography.
A third enabling skill that has been considered important for reading acquisition is short-
term memory. Scarborough (1998) refers to eleven studies that report moderate and
significant correlations between short-term memory and reading ability. Some studies have
documented that short-term memory is not significantly related to reading when phonemic
awareness is partialed out (Rohl & Pratt 1995; Wagner, Torgesen & Rashotte 1994). Most of
these studies have a predictive design, where the impact of short-term memory on later
reading performance has been investigated. Furthermore, a majority of these studies are
performed in language with deep or opaque orthography. It is therefore important using
transparent orthographies when studying the relationship between various enabling skills and
reading achievement (Frost 1993). Therefore, our kindergarten study examined if short-term
memory accounted for unique variance in reading tasks among Latvian children.
Although many different enabling skills have been shown to correlate with reading
performance, relatively little attention has been paid to the question of the relationships
among these tasks. Wagner, Torgesen, Laughon, Simmons and Rashotte (1993) have
conducted sophisticated studies of the factorial structure of phonological abilities. Their focus
was on testing the differentiability of phonological awareness, phonological memory, and
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rapid naming skills. In the present study a similar research design is applied when studying
the impact of phonological skills on early reading acquisition.
In sum, the goal of the present study was to examine the interrelationships among
different enabling skills among children in Latvian kindergartens, and consider how various
enabling skills contribute to explain unique variance in early reading acquisition.
Method
Subjects
A total of 76 children (40 girls and 36 boys) participated in the study. The children were
randomly selected from four different kindergartens in the city of Riga. They ranged in age
from 6 to 7 years with an average of 6 years, 4 months, (SD = 4.4 months). All parents who
were approached agreed to participate in the study.
The children's parents or guardians were asked to complete a questionnaire about the
linguistic situation at home, the native language of the family, whether the child had ever
lived for a long period of time in a different linguistic environment or whether foreign
language speakers were living under the same roof as the child, etc. Only children from
mono-linguistic Latvian-speaking families were included in the study.
The Latvian language was also the only language used in the kindergartens participating
in the present study. In Latvia, kindergarten children usually get formal instruction in enabling
skills, for example, letter recognition, letter-sound correspondences and sound blending.
Although the practice may vary somewhat from kindergarten to kindergarten, it is not
uncommon that some instruction in word recognition is also given.
Tests
The tests in the present study included both phonological enabling skills and various reading
abilities. The following tests were employed to assess enabling skills: rhyming, syllable
counting, phoneme deletion, phoneme isolation, phoneme segmentation, rapid naming, and
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verbal short-term memory. The reading tests included word and sentence reading. In addition,
a test of letter knowledge was given.
Rhyming: The child's task was to select the word among the three alternatives that rhymed
with the target word. The test had two practice words with feedback support and 20
experimental words without feedback support. The experimenter first pronounced a target
word, and then the three test words. The words varied in length (l or 2 syllables), and all of
them were well known for the children. There were 20 rhymes in the test, 3 one-syllable
words and 17 two-syllables words. Nine of the words had CVCV structure, whereas the other
words had structures such as CVCC, CVCVC, CCVCV, CVCCV, and CVVCc. (The rhyme-
element in each word is underlined.) The performance score was the total number of correctly
chosen rhyme words.
Syllable counting: The syllable counting test consisted of two practice words with
feedback support and 20 experimental words without feedback support. In the practice tasks,
the experimenter pronounced the target word by specially stressing each syllable, while in the
experimental tasks the words were pronounced in the normal way, without particular stress on
the individual syllables. The task was to count the number of syllables in each orally
presented word. The number of syllables varied from 1 to 4, with a mixed difficulty
throughout the test. (There were I word with only one syllable, 10 words with 2 syllables, 6
words with 3, and 3 words with 4 syllables.) In Latvian, the stress is usually put on the first
syllable. The performance score was the total number of words where the student gave the
correct number of syllables.
Three tests were used to assess phonemic awareness: phoneme deletion, phoneme
isolation, and phoneme segmentation.
Phoneme deletion: This test assessed the child's ability to identify and delete the first or
the last phoneme of the target word and provide the pronunciation of the word or non word
remaining after this deletion. The target phonemes were consonants in 17 of the test items and
vowels in 3 items. The test had two practice items with feedback support and 20 experimental
items without feedback. The words varied in length from 3 to 10 phonemes (mostly one-
syllable and two-syllables words), and all of them were selected from the vocabulary used by
children at this age. Experienced preschool teachers constructed the word list based on their
thorough knowledge of the typical vocabulary of kindergarten children at this age. For the
first half of the items, the children were asked to delete the initial phoneme; for the second
half, they had to delete the final phoneme. In 7 test items the phoneme deletion produced a
word, whereas in 13 test items the correct answer was a pronounceable nonword. The target
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phonemes to be deleted were in most cases consonants, but in a few test items the final
phoneme was a vowel. The performance score was the total score of correct responses.
Phoneme isolation: In the phoneme isolation test the child had to isolate and produce
correctly the first or the last sound of a well-known word that was presented orally by the
experimenter. A majority of the target phonemes were consonant-sounds. The test had two
practice trials with feedback support and 20 experimental words without feedback. The words
varied in length from 3 to 10 letters (2-3 syllables) and were presented in random order. In a
few cases the onset of the target word consisted of two consonants, and the task was to delete
the first one. Some of the words ended in diphthongs, which the child had to isolate. The
performance score was the total number of words in which the child correctly pronounced the
phoneme.
Phoneme segmentation: The phoneme segmentation test assessed the child's ability to
identify phonemes in orally presented words. The test included two practice items with
feedback support, and 20 experimental items without feedback. The words varied from short
and phonologically simple words at the beginning of the test to longer and phonologically
complex words at the end (from 4 to 9 phonemes). All words were a part of the children's
receptive vocabulary. The experimenter read the word aloud with normal speed and
articulation. The children had to segment the word into its constituent phonemes and provide
the sounds aloud. The performance score was the number of words segmented correctly.
Two subtests were used to assess rapid naming: Object naming and color naming.
Object naming: This test was used to assess the child's ability to retrieve the phonological
representation of words presented as drawings on a sheet of paper. Five' familiar objects were
depicted: an apple, a house, a tree, a sun, and a star. The drawings of each object occurred
several times in random order on the sheet (total number of pictures on the sheet was 180).
Time limit was I minute. The child got a practice task with feedback response showing all
five drawings. The performance score was the total number of objects named correctly during
the testing time.
Color naming: This subtest was similar to object naming, but instead of naming objects,
the task here was to name colors. The task consisted of 5 colors: black, green, blue, red, and
yellow, which occurred several times in random order on a sheet of paper (total number of
items on the sheet was 180). The child got a practice task with feedback for all five colors,
The performance score was the number of times the child correctly called out the name of the
color. Test time was 1 minute.
Verbal-short term memory was assessed by a digit-span test and by a letter-span test.
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Repeating digits: The Digit Span subtest of the Wechsler Intelligence Scale for Children-
Revised (WISC-R; Wechsler 1974) was used to assess memory for digits. The strings of digits
were presented orally with about 1/2 second between each digit. The child had to repeat the
digits in each string in correct order. The strings started with only two digits, and one digit
was added for each new digit string. The test continued until the child made a mistake on two
subsequent strings. The child got two practice examples with feedback support before the test
items were presented, but otherwise no feedback was given. The performance score was the
number of digits in the longest string repeated correctly.
Repeating letters: This test was similar to the digit-naming test, but instead of digits,
strings of letters were used. Again, two practice examples with feedback support were
provided before presenting the letter strings. The performance score was the number of letters
in the longest string repeated correctly.
Letter reading: The child was presented with 45 letters, including both upper and lower
case. The Latvian alphabet consists of33 letters (9 vowels and 24 consonants) and is based on
the Latin alphabet. There are four long vowels and seven soft consonants, and in writing they
are marked with a special sign. The letters were presented on a sheet of paper in a 12-point
font (Times New Roman). Two practice trials with feedback support were provided. The
performance score was the total number of letters named correctly.
Word reading: The task was to read a series of 60 experimental words aloud. The words
varied in length (from 2 to 15 letters), number of syllables (from 1 to 8 syllables), and in
phonological/orthographic complexity. Most of the words were 2 to 4 syllables, and only I
was 8 syllables long. All words were written on a sheet of paper and presented in a 12-point
font (Times New Roman). The performance score was the number of words correctly read.
Sentence reading: The child was presented with two practice sentences and 60
experimental sentences with five pictures below each sentence. The task was to read each
sentence and choose the one of the five alternative pictures that corresponded to the target
sentence. Feedback support was given on the two practice sentences. During the experimental
tasks, however, no feedback was provided. The time limit for this test was 10 minutes. The
sentences used varied in length and syntactical structure, and they were all in active form. In
the study, sentence reading was used as a simple measure of reading comprehension.
However, it has to be recognised that reading single sentences cannot measure the complex
processes involved when reading and interpreting paragraphs of texts. Sentence reading only
assesses elementary reading comprehension processes, and this limitation has to be taken into
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account when interpreting the results in the present study. The performance score was the
total number of pictures correctly marked.
Procedure
The tests were administered to the children individually by trained research assistants. The
tests were carried out during two weeks in May and included two or three test sessions for
each child. In order to provide optimal testing conditions, no session exceeded a time limit
of 30 minutes.
The test results were recorded on specially prepared scoring sheets, where the research
assistants only were required to mark each child's response. Each assistant did the scoring
individually in accordance with a clear description of how to score the different tests. All
scoring was checked by one of the researchers responsible for the study.
Results
Descriptive statistics
Table I presents the means, standard deviations, maximum scores, ranges, and skewness for
all variables used in the present study.
One of the tasks, phoneme isolation, was excluded in the further analysis due to high
ceiling effect (skewness = - 2.61). The other tasks discriminated well among the children.
Table 2 presents the correlations among all of the major variables in the study.
The phonemic tasks displayed significant, moderate inter-correlations. The mean
correlation across these tasks was 0.55. The correlations between the phonemic tasks and
word and sentence reading were all moderately high and significant. It is noteworthy that
the rhyrne task correlated moderately with the two phonemic tasks, with a mean correlation
of 0.38 across the phonemic tasks (p < .01). It should also be noted that rhyme correlated
significantly with sentence reading (r = 0.448, p < .01), but not with word reading. Syllable
counting, which was used as an indicator of syllable awareness, correlated significantly
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with object and color naming, but skill in syllable counting was not correlated to the reading
tasks. Therefore, the syllable tasks were not included in the further analyses.
Table I. Means, standard deviations and ranges for the measures of enabling skills and reading
abilities
Task Mean SD Maximum Range Skewness
Rhyming ] 1.6] 3.82 20 ]6 0.45
Syllable counting ] 1.73 5.66 20 20 -0.57
Phoneme deletion 10.87 5.4] 20 20 -0.62
Phoneme segmentation 8.30 5.29 20 20 0.28
Phoneme isolation ]7.5 ] 2.93 20 ]8 -2.6]
Object naming 44.49 11.57 ]80 43 -0.48
Color naming 46.94 11.62 180 45 0.07
Repeating digits 3.94 1.29 9 5 -1.07
Repeating letters 3.49 1.16 9 6 -0.7]
Word reading 37.87 ]9.26 60 57 -1.09
Sentence reading ]6.09 1].29 60 45 0.46
The correlation between repeating digits and letters (the two short-term memory tasks) was
high and significant (r = 0.667, p < .00]), but only repeating digits correlated significantly
with a reading task (sentence reading: r = 0.411, P < .01) . The highest correlation was
found between object and color naming (r = 0.846, p < .00]), and color naming also
correlated significantly with sentence reading (r = 0.335, p < .0]).
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Table 2. Intercorrelations among kindergarten measures (Bonferroni corrected)
Task
1.Rhyming 1.000
2 3 4 5 6 7 8 9 10
2. Syllable
counting
3. Phoneme
deletion
4. Phoneme
.219 1.000
.340** .070 1.000
.423** .073 .626** 1.000
segmentation
5.Object .228*
naming
6. Color .239
.469** .364** .28J * 1.000
.386** .405** .277* .846** 1.000
naming
7. Repeating .216
digits
8. Repeating .151
letters
9. Word reading .285
.127 .353** .422** .337** .432** 1.000
.094 .247* .346** .344** .408** .667** 1.000
.119 566*** 563*** .219 .197 .237 .155 1.000
.10.Sentence
reading
.448*' .016 .545*'* .530**' .230 .335*' .411** .203 .732*** 1.000
Note: Significance level of correlation (two tailed):' p < .05," P < .01, .*.p< .001.
Relationship between phonological skiffs and reading
One way to conceptualize the relationships among phonological tasks is in terms of factor
analysis. A principal component analysis (rotated, varimax) yielded 3 factors with
eigenvalues greater than one. The results are displayed in Table 3.
Altogether the three factors explained about 70% of the total variance. The first principal
component accounted for 40% of the variance, with the naming tasks loading on this
component. The second component accounted for I6.7% of the variance, and the two
phonemic awareness tasks loaded highest on this factor. As expected from the correlation
analysis, the rhyme task also loaded highly on this factor.
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Table 3. Principal components loadings for all enabling variables
Variables Naming Phonemic Memory
awareness
Total variance explained 40.0% 16.7% 13.0%
Rhyming 0.252 0.659 0.061
Syllable counting 0.757 0.162 0.048
Phoneme deletion 0.221 0.678 0.228
Phoneme segmentation 0.096 0.754 0.425
Phoneme isolation 0.076 0.778 0.024
Object naming 0.863 0.129 0.282
Color naming 0.816 0.117 0.372
Repeating digits 0.175 0.216 0.844
Repeating letters 0.204 0.046 0.868
Finally, the third component explained 13% of the variance, and the two memory tasks
loaded highly on this component. The syllable task also loaded high on this factor, but the
results on the correlation analysis showed that the syllable task was only moderately
correlated with the naming tasks, compared with the high correlation between the two naming
tasks.
Three composite scores were constructed to be used in the hierarchial regression analyses:
The composite score for naming was constructed by summing the standardized scores on
color and object naming. Likewise, the composite score for phonemic awareness was
constructed by summing the standardized score on phoneme segmentation and phoneme
deletion. Finally, the standardized scores on digit and letter repeating yielded a composite
score for short-term memory.
A series of hierarchical regression analyses were conducted in order to explore the impact
of the various independent variables on word and sentence reading ability.
In the first series of hierarchical regression analyses, word reading was used as dependent
variable, with age, phonemic awareness, naming, and memory as independent variables. The
results are presented in Table 4.
The analysis revealed that phonemic awareness accounted significantly for 14.2% of
unique variance (p < .001). Neither naming nor short-term memory contributed to explain
unique variance in word reading.
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Table 4. Unique variance in word reading explained by phonological skills
Unique variance in word reading explained by phonemic awareness after partialing out age,
memory, and naming
Step Variable R2 RZchange F
1. Age 0.036 0.036 2.304 ns.
2. Memory 0.168 0.132 9.712**
3. Naming 0.228 0.060 7.664**
4. Phonemic awareness 0.365 0.142 12.708***
Unique variance in word reading explained by memory after partialing out age, phonemic
awareness, and naming
Step Variable RZ R2change F
1. Age 0.036 0.036 2.308 ns.
2. Phonemic awareness 0.307 0.271 23.907***
3. Naming 0.335 0.028 2.456 ns.
4. Memory 0.365 0.030 2.804 ns.
Unique variance in word reading predicted by naming after partialing after age, phonemic
awareness, and memory
Step Variable RZ R2change F
1. Age 0.036 0.036 2.304 ns.
2. Phonemic awareness 0.307 0.271 23.907***
3. Memory 0.342 0.035 3.202 ns.
4. Naming 0.365 0.023 2.074 ns
Note: ** p < .01, *** P < .001, ns. = not significant
In the second series of hierarchical regression analyses, letter knowledge was also entered
into the equation as an independent variable. Our main interest was to investigate the impact
of letter knowledge on word reading, and how much unique variance phonemic awareness
could explain when controlling for age, letter knowledge, memory, and naming. The results
are displayed in Table 5.
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Table 5. Unique variance in word reading explained by phonemic awareness and
letter knowledge
Unique variance in word reading explained by phonemic awareness after partialing out age,
letter knowledge, memory, and naming
Step Variable R1 R1change F
I. Age 0.071 0.071 0.018 ns.
2. Letter knowledge 0.656 0.585 111.620 ***
3. Memory 0.676 0.020 3.649 ns.
4. Naming 0.687 0.011 2.164 ns.
5. Phonemic awareness 0.727 0.040 8.363**
Unique variance in word reading explained by letter knowledge after partialing out age,
phonemic awareness, memory, and naming
Step Variable R1 R1change F
I. Age 0.071 0.071 0.018ns.
2. Phonemic awareness 0.336 0.265 8.363**
3. Memory 0.336 0.000 0.086 ns.
4. Naming 0.340 0.004 0.359 ns.
5. Letter knowledge 0.727 0.387 81.865***
Note: ** p < .01. *** P < .001, ns. = not significant
Phonemic awareness accounted for 4% of unique variance (p < .001) in word reading,
whereas letter knowledge accounted for 38.8% of unique variance when partialing out age,
phonemic awareness, memory, and naming. Clearly letter knowledge is a more powerful
factor than phonemic awareness when explaining variance in early reading acquisition.
Surprisingly, neither the memory nor the naming variable accounted for unique variance in
word reading.
In the third senes hierarchical regression analysis, sentence reading was used as
dependent variable. In order to investigate the contribution of the independent variables on
sentences reading, a hierarchical regression analysis was performed with sentence reading as
dependent variable, and with age, phonemic awareness, naming, short-term memory as
independent variables. The results are displayed in Table 6.
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Table 6. Unique variance in sentence reading explained by phonological skills
Unique variance in sentence reading explained by phonemic awareness after partialing out
age, memory, and naming
Step Variable R2 R2change F
I. Age 0.036 0.036 2.308 ns.
2. Memory 0.168 0.132 9.712 **
3. Naming 0.228 0.060 4.635*
4. Phonemic awareness 0.365 13.700 12.708***
Unique variance in sentence reading explained by memory after partialing out age, phonemic
awareness, and naming
Step Variable R2 R2change F
I. Age 0.036 0.036 2.308 ns.
2. Phonemic awareness 0.307 0.271 23.907***
3. Naming 0.335 0.028 2.456 ns.
4. Memory 0.365 0.003 2.804 ns.
Unique variance in sentence reading explained by naming after partialing out age, phonemic
awareness, and memory
Step Variable R2 R2change F
I. Age 0.036 0.036 2.308 ns.
2. Phonemic awareness 0.307 0.271 23.907***
3. Memory 0.342 0.035 3.202 ns.
4. Naming 0.365 0.023 2.074 ns
Note: ** p < .01, *** P < .001, ns. = not significant
The hierarchical regression analysis demonstrated that phonemic awareness explained 13.7%
of unique variance in sentence reading. Neither memory nor naming contributed to explain
unique variance in sentence reading.
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Discussion
In the present study a principal component analysis was performed to address the issue of the
structure and distinctness of phonological and other enabling skills. A broad array of
measures to investigate potential factors in reading acquisition was included in the study.
The principal component analysis yielded three separate factors: a phonemic awareness
factor, a naming factor and a verbal short-term memory factor. Our results do not support
Bentin's (1992) hypothesis about two qualitatively different forms of phonological
awareness, one characterized by rhyme awareness and skill in syllable segmentation, and the
other characterized by phonemic awareness. In our study the rhyme task loaded high on the
same factor as the phonemic awareness tasks.
It is noteworthy that syllable awareness loaded high on the naming factor. As far as we
know, similar results have not been reported previously. The mechanisms underlying these
results are not clear, and further research is needed to explore this relationship. It might be the
case that task-specific factors have biased our results.
The results on the series of hierarchical regression analyses provided information about
how the various enabling skills contributed to explain unique variance on reading tasks.
One main finding in our study was the unique impact of phonemic awareness on early
reading acquisition. Our results thus add further support to the abundance of research
documenting how closely related phonemic awareness is to reading achievement (Adams
1990; Bruck 1990, 1992; Heien, Lundberg, Stanovich & Bjaalid 1995; Liberman &
Shankweiler 1991; Lundberg & Hoien 1989; Manis, Custodio & Szeszulski 1993; Olson,
Wise, Conners & Rack 1990; Pennington, van Orden, Smith, Green & Haith 1990; Rack,
Snowling & Olson 1992; Siegel 1989; Stanovich 1992; Wagner & Torgesen 1987). Phonemic
awareness explained uniquely about 14 per cent of the variance in word reading and about 14
per cent of the variance in sentence reading, which shows that phonemic awareness IS
important for reading achievement also in a highly consistent language as Latvian.
Our results give evidence to findings reported by MUller and Brady (2001). Using
hierarchical regression analysis they found that even for a transparent language as Finnish
phonemic awareness assessed in kindergarten still accounted for noteworthy percentage of
variance in word accuracy and reading comprehension at the end of grade.
Correlation figures cannot tell anything about causal relationship, but longitudinal studies
have documented that phonemic awareness is an important prerequisite for learning to read
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(Cunningham 1990; Lundberg, Frost & Petersen 1988; McGuiness, McGuiness & Donohue
1995; Schneider, Kuspert, Roth, Mechtild & Marx 1977). Therefore, early phonemic
awareness training should be recommended for kindergarten in general and for at-risk
children especially. There is now an extensive research base that supports the effectiveness
and practical utility of providing kindergarten children with instruction in phonological
awareness.
Another important finding in our study was the clear demonstration of the power of letter
knowledge to explain variance in early reading acquisition. Letter knowledge explained one-
third of the variance in word reading (see also Frost 2001). Furthermore, the hierarchical
regression analyses showed that phonemic awareness and letter knowledge make separate and
specific contributions to beginning literacy. Our results give additional support to earlier
research findings (for overview, see Snow, Bums & Griffin 1998). Byrne and Fielding-
Bamsley (1989), for example, reported that letter knowledge accounted for more variance in
word decoding tasks than measures of phonemic awareness. Similar findings are also reported
by Muter, Hulme, Snowling and Taylor (1998) and Gallagher, Frith and Snowling (2000).
Obviously letter knowledge is important whatever orthography is used. The combination of
phonemic awareness and letter knowledge, termed "phonological linkage" by Hatcher, Hulme
and Ellis (1994), is clearly the most critical factor when addressing reading acquisition
(Muter 2000).
It was somewhat surprising that we could not find any significant relationship between
rapid naming and early reading skills. Scarborough's (1998) review of longitudinal studies
indicated that rapid naming was at least as strongly related to later reading skills such as letter
name knowledge and phonological awareness. However, our participants were children in
kindergarten. Among older children the relationship may be different. This is in accordance
with findings by Pennington, Cardoso-Martins, Green and Lefly (2001). These researchers
found that rapid serial naming was less powerful to explain variance in reading skills than did
phonemic awareness. They reported that variation in rapid serial naming was particularly
important for fluent text reading, whereas phonemic awareness was important for
development of the ability to read. Therefore, it seems reasonable to assume that naming is
more related to reading at later stages in reading development, for example when the reader is
using an orthographic decoding strategy (see also Wolf2001).
We had also expected that verbal short-term memory would have power to explain
variance both in word and sentence reading. The results on the hierarchical regression
analyses did not provide evidence for this expectation. Several studies have reported
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significant correlations between verbal short-term memory. Hanson and Bowey (1994) in a
study among 7-year olds found that both phonemic awareness and verbal memory accounted
for unique variance on three reading measures. We may wonder why we did not get the same
results. The disparate results reported in the various studies may partly be caused by the
method and statistical methods employed. Often correlation analysis is the preferred method,
but correlations do not provide information about the unique contribution of short-term
memory on reading performance. Several phonological factors are correlated with memory.
In order to estimate the unique contribution of short-term memory on reading tasks, other
statistical methods have to be used as, for example, hierarchical regression analysis or
structural modeling. Further research studies are needed to clarify the role played by short-
term memory in explaining variance in early reading acquisition.
In sum, phonemic awareness seems to be the paramount skill related to reading
achievement, even in a highly consistent language such as Latvian; and together with letter
knowledge it represents the most powerful factor for explaining variance in early reading
acquisition. We agree with Byrne and Fielding-Barnsley (1989) that enhancing children's
phonemic awareness and letter knowledge skills should be a priority in the kindergarten
classroom.
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Report II
Early phonological skills and how they predict reading acquisition:
A follow-up study from kindergarten to the middleof grade 2
lEVA SPRUGEVICA
University of Latvia, Riga, Latvia
TORLEIV H0IEN
Dyslexia Research Foundation, Stavanger, Norway
Abstract. The purpose of this study was to investigate the power of early measures of
phonological skills (phonemic awareness, rapid naming, short-term memory) in predicting
later reading skills at various points of time. About 70 children were followed from the end of
kindergarten till the middle Of 2nd grade. Correlation analyses were performed as well as a
linear growth curve analyses. In the traditional regression analysis, phonemic awareness in
kindergarten explained about 27% of the variance in word reading six months later and about
9% of the variance at the end of 151grade. Even when prior level of reading skill was included
in the predictive equation, a significant amount of variance was still explained by phonemic
awareness. The other predictor variables did not explain any variance in word reading, and
phonemic awareness did not predict any variance in reading skills in 2nd grade. When using
sentence reading as the dependent variable, phonemic awareness explained about 16% of
unique variance after six months, and about 13% of the variance in the middle of 2nd grade.
Similarly, when employing growth curve analysis, phonemic awareness was the only
phonological factor that accounted for significant variance in the word reading slope,
explaining about 15% of the variance in the word reading slope, whereas naming and short-
term memory did not explain any unique variance. The lack of predictive power of phonemic
awareness on the sentence b-slope is assumed to be caused by unreliable sentence scores in
Kindergarten.
Key words: Growth-curve analysis, phonemic awareness, verbal short-term memory, naming,
word reading, sentence reading.
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INTRODUCTION
During recent years there has been much focus on early intervention to prevent children who
are at risk from becoming reading disabled. Teaching children to read before grade 3 has
become a high-priority aim of current educational policy. Therefore, early identification of
children who are likely to have reading problems constitutes the first step in preventing these
problems (Blachman, 1994; Lundberg, Frost, & Petersen, 1988; Santa & Heien, 1999). This
early-help approach has valid support in current reading research (for a review, see Snow et
aI., 1998). As a consequence of this research, more attention has been directed to early
screening of children to find those who may be in the risk group. From a teaching standpoint,
identifying these children as early as possible is clearly the best way to help them. The
efficacy of such screening tests depends crucially on their validity at predicting later reading
performance.
The prediction of success or failure in reading acquisition based on early assessments of
pre-reading skills has been at the focus of interest in many studies (for a review, see Snow,
Bums, & Griffin, 1998). There is now a substantial body of evidence indicating that
phonological skills, and especially phonological awareness, is one of the best predictors of the
speed with which children acquire reading accuracy and fluency (Adams & Bruck, 1995;
Blachman, 1984; Lundberg, Olofsson, & Wall, 1980; Stanovich, Cunningham, & Cramer,
1984). Even when variance in prior word reading skill is partialed out, early phonological
awareness still predicts significant variance in subsequent word and nonword reading ability
as well as in reading comprehension (Torgesen, Wagner, & Rashotte, 1997).
There is also evidence that other cognitive-linguistic skills, such as rapid naming and
short-term memory, predict reading achievement (e.g., Badian, 1994, 1995,2000; Bowers,
1995; Catts, 1993; Scanlon & Vellutino, 1997). Rapid automatized narning seems to involve
several sub-skills of critical importance for reading. In addition to an executive control
function or attention control and visual processing, there is undoubtedly a phonological
component (Bowers & Wolf, 1993). In a study controlling for variance in initial reading
ability (the auto-regressive effect), however, rapid naming did not tum out to predict any
unique variance in reading performance (Torgesen, Wagner, Rashotte, Burgess, & Hecht,
1997).
The child's ability to memorize and repeat verbal information has also been used as
predictor of reading achievement. It is well known that reading ability and short-term memory
are significantly correlated (for reviews, see Baddeley, 1986; Wagner & Torgesen, 1987), and
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Scarborough (1998) also refers to several studies showing that verbal short-term memory
significantly predicts later reading ability.
A practical limitation in many recent follow-up studies has been the tendency to use word
decoding as the dependent variable rather than reading comprehension (e.g., Wagner,
Torgesen, & Rashotte, 1994). The ultimate aim of reading instruction is, of course, reading
comprehension; but clearly, efficient word decoding is a necessary prerequisite for achieving
this aim. The relative impact of early predictors, then, will differ depending on which
predictor is being looked at and which aspect of reading is being predicted.
When investigating the impact of early predictors on later reading achievement, most
studies have used traditional correlation analyses (Hecht, Burgess, Torgesen, Wagner, &
Rashotte, 2000; O'Connor & Jenkins, 1999). Some studies, however, have addressed the
relationship between early predictors and the growth curve characterizing the reading
development (Olson, Wise, Johnson, & Ring, 1997; Torgesen et aI., 1997). Growth-curve
analysis provides information about the parameters of the best fitting curve of individual
reading development, such as the linear slope. By further statistical analyses, for example
hierarchic regression analysis, the individual slope values can be used as a dependent variable
when studying which predictor factors are most powerful in explaining the growth of reading
development.
In the present study we have restricted the time window to the early and critical period of
reading acquisition from the end of preschool to the middle of grade 2 with four occasions of
measurement. Children's reading performance, including both word recognition and
comprehension, was assessed four times at regular intervals from kindergarten to grade 2. The
time covered by the current study is certainly the most critical and important period for
reading development (for a review, see Snow et aI., 1998).
The aim of the current study was thus to examine the impact of early measures of
phonological skills (phonemic awareness, rapid naming, short-term memory) in predicting
later reading skills at various point in time. Based on previous research and theoretical
considerations, these skills were assumed to be of critical importance for reading
development. We also compared the more traditional approach used in predicting reading
skills with the predictive power provided by applying the method of growth curve analysis.
Moreover, our study of the prediction issue took place in Latvian. Latvian is a language with
a far more regular orthography than English.
55
METHOD
Subjects
The initial sample consisted of 70 kindergarten children, 39 girls and 31 boys, with an age
range from 6 to 7 years (M = 6 years and 8 months, SD = 4.4 months). The children were
randomly selected from four different kindergartens in the city of Riga, and the first
assessment was administered at the end of kindergarten (in May 2000). Only children from
monolingual Latvian-speaking families were included in the study. The assessments were
repeated twice a year (in May and in December) during a period of time covering 1.5 years.
At the end of the study, only 53 of the original 70 children were still available for testing.
However, the drop out of children seems to be rather random, caused primarily by parents
moving to other cities in Latvia, which made it impossible to follow up these children with all
four assessments.
In Latvia, kindergarten children usually get instruction in enabling skills, e.g. letter
recognition, letter-sound correspondences and sound blending. Although the practice may
vary somewhat from kindergarten to kindergarten, it is not uncommon that some instruction
in word recognition is also given.
Tests
Two different types of tests were used in assessing the children. The predictor tests measured
cognitive-linguistic abilities among children in kindergarten, while subsequent reading ability
was assessed by tests of word decoding and reading comprehension at four different times
during the follow-up study. The cognitive-linguistic tests included phonemic awareness tasks,
rapid naming and verbal short-term memory. Additionally, the nonverbal cognitive level of
some of the children was assessed. However, a too small proportion of children was assessed
in this respect, so this part of the study was not included in the data analysis.
Two different tasks were used to assess phonemic awareness: phoneme segmentation and
phoneme deletion. The phoneme segmentation test assessed the child's ability to identify
phonemes in orally presented words. The test included two practice items with feedback
support, and 20 experimental items without feedback. The words varied from short and
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phonologically regular words at the beginning of the test to longer and phonologically
complex words at the end (from 4 to 9 phonemes). All words were a part of the children's
receptive vocabulary. Experienced preschool teachers constructed the word list based on their
thorough knowledge of the typical vocabulary of kindergarten children at this age. The
experimenter read the word aloud with normal speed and articulation. The children had to
segment the word into its constituent phonemes and provide the sounds aloud. The
performance score was the number of words segmented correctly. The phoneme deletion test
assessed the child's ability to identify and delete the first or the last phoneme of the target
word and provide the pronunciation of the nonword remaining after this deletion. The test had
two practice items with feedback support and 20 experimental items without feedback. The
words varied in length from 3 to 10 phonemes, and all of them were selected from the
vocabulary used by children at this age. For the first half of the items, the children were asked
to delete the initial phoneme; for the half, they had to delete the final phoneme. The
performance score was the total number of correct responses after deletion. In further
statistical analyses the two phonemic scores were transformed into a composite score for
phonemic awareness.
Two subtests were used to assess rapid nammg. The object naming test assessed the
child's ability to quickly retrieve the phonological representation of five familiar objects: an
apple, a house, a tree, a sun, and a star. The drawings of each object occurred several times in
random order on a sheet of paper (total number of pictures on the sheet was 80). The child
was given a practice task with feedback for all five drawings before the real testing started.
The performance score was the total number of objects named correctly during a testing time
of one minute. The color naming test was similar to object naming, but instead of naming
objects, the task here was to name colors. The test consisted of 5 color patches: black, green;
blue, red, and yellow, which occurred several times in random order on a sheet of paper (total
number of items on the sheet was 180). Each of the children got a practice task with feedback
including all five colors before the test items were presented. The performance score was the
total number of color patches the child correctly named during a testing time of one minute. In
further statistical analyses the two test scores were transformed into a composite score for
rapid naming.
Verbal short-term memory was assessed by a digit-span test and by a letter-span test. The
strings of digits were presented orally with a time interval about 0.5 second between each
digit. The child had to repeat back the digits in each string in correct order. The strings started
with only two digits, and one digit was added for each new digit string. The test continued
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until the child made a mistake in two strings in a row. The child got two practice items with
feedback support before the test items were presented. The performance score was the number
of digits in the longest string repeated back correctly. The letter-span test was similar to the
digit-naming test, but instead of digits, strings of consonant letters were used as stimuli.
Again, two practice items with feedback support were provided before presenting the test
strings. The performance score was the number of letters in the longest string repeated back
correctly. In the further statistical analyses the two the scores were transformed into a
composite score for short-term memory.
Reading ability was assessed by using two subtests: A word decoding test and a sentence
reading test. In the word reading test, the task was to read 80 words aloud. The words varied
in length (from 2 to 15 letters) and in phonological/orthographic complexity. The Latvian
language is a far more consistent language than English, making it easier to recode words
phonologically.
All words were written in lower-case letters on a sheet of paper and presented in l2-point
font. Two practice items with feedback support were provided, but no feedback was given for
the test items. The performance score was the number of words correctly read.
The child was presented with two practice sentences and 80 experimental sentences with
five pictures below each sentence. The task was to read each sentence silently and choose one
of the five alternative pictures corresponding to the target sentence. The children were given
10 minutes to perform the test, and the score was the total number of pictures correctly
marked. The sentences varied in length, and the syntactical structure of the sentences was all
in active form. In the present study, sentence reading was used as a measurement of reading
comprehension. However, it has to be recognized that reading single sentences is a much
simpler task than reading and interpreting paragraphs of texts. Sentence reading, therefore,
only assesses elementary reading comprehension processes, and this limitation has to be taken
into account when interpreting the results.
Procedure
All tests were administered to the children individually by trained research assistants. The
tests were presented in the following order: phoneme segmentation, phoneme deletion, rapid
object naming, color naming, short-term memory, word decoding, and sentence reading.
The test results were recorded on specially prepared scoring sheets, where the research
assistants only were required to mark each child's response. Each assistant did the scoring
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individually in accordance with a clear description of how to score the different tests. In the
kindergartens the tests were carried out during two weeks, and there were two test sessions for
each child. In the schools, the children were assessed three times: In December and May in
grade 1, and in December in grade 2. The tests were individually administered during a period
of two weeks.
RESULTS
Descriptive data on the various tests are presented in Table 1. A mean raw score, standard
deviation and range of scores are given for each assessment.
Table 1. Descriptive statistics for kindergarten, middle of the grade 1, end of grade 1, and the
middle of grade 2 eN = 53)
Kindergarten Beginning of the first End of the first grade Second grade
grade
Task Max. Mean SO Range Mean SO Range Mean SO Range Mean SO Range
Possible
Phonemic awareness
Phonemic 20 8.9 4.8 0-20 12.8 4.8 1-20 16.0 3.0 7-20 15.9 2.5 10-20
segmentation
Phonemic deletion 20 12.3 4.3 1-20 160 3.9 2-20 17.5 2.3 10-20 17.8 1.7 13-20
Rapid naming
Object naming test 180 45.8 lOA 27-70 54.2 10.8 32-79 5804 III 37-89 62.6 III 37-96
Color naming test 180 48.1 11.5 20-75 55.0 12.5 33-85 59.6 11.5 41-86 65.6 12.1 37-93
Verbal short-term
memo')'
Digit span test 9 4.2 1.0 2-6 4.1 1.0 2-6 4.6 1.0 3-7 4.8 1.1 3-7
Letter span tcst 9 3.7 0.9 2-7 3.9 0.9 2-6 4.0 0.9 2-6 4.2 08 2-6
Reading tasks
Word reading 60 45.8 lOA 3-60 53.1 8.5 3-60 55.5 3.9 44-60 55.5 3.8 40-60
(accuracy)
Sentence reading 80 19.4 904 5-50 31.7 12.2 4-57 386 11.6 20-73 47.7 12.1 25-78
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Despite the fact a few children on the phoneme tests (segmentation and phoneme deletion)
and the word reading test, had ceiling effect, the tests still provide sufficient information to
discriminate among the children. The sentence reading test, however, discriminated well
across the four assessments.
The inter-correlation matrix (Bonferroni-corrected) is presented in Table 2. The data were
collected from the kindergarten assessments.
Table 2. The intercorrelations betweeen tasks at the kindergarten level (Bonferroni corrected)
I . Segmentation 1.000
2. Deletion 0.423*** 1.000
3. Color naming 0.195 0.383* 1.000
4. Object naming 0.162 0.363 0.849** 1.000
5. Digit span 0.431 * 0.325 0.435** 0.360* 1.000
6. Letter span 0.341 0.215 0.416** 0.384* 0.667*** 1.000
7. Word reading 0.598*** 0.515*** 0.315 0.329 0.454** 0.383* 1.000
8. Sentence reading 0.167ns 0.231ns 0.208ns 0.132ns 0.188ns 0.218 0.224ns 1.000
Note. ***= p < .001; ** = P < .01, * = P < .05.
The correlations between tests within a conceptual category (e.g. digit span and letter span)
are generally high and justify the composite scores used in the further analyses.
An analysis of variance was performed to study the growth in word reading performance
from kindergarten to the middle of grade 2 (N=53). The analysis showed a significant
increase in word reading ability [F(3,52) = 75.974, p<.OOI], and a supplementary polynomial
contrast analysis demonstrated that the profile of the developmental curve was both linear (p
<.001) and quadratic (p <.001).
Moreover, the development in sentence reading performance showed a clear and
significant increase [F(3,52) = 76.706, p<.OOI], with a linear slope (p<. 001).
Predicting word and sentence reading ability: The traditional approach
In order to investigate the contribution of the phonological factors on word and sentence
reading ability, multiple regression analyses were performed with word and sentence reading
as dependent variables, and with a phonemic awareness, rapid naming, and short-term
memory as independent variables.
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In the first regression analysis the factor scores on the phonological skills in kindergarten
were used as predictors, while the performance scores in word reading at 3 different points of
time (middle of grade I, end of grade I, and middle of grade 2) were used as dependent
variables. The results are presented in Table 3.
Table 3. How phonological skills in kindergarten predict later word and sentence reading
Beginning of first End of first grade Second Grade
grade Samples
Reading Variable Predictor Unique R' Unique R' Unique R'
Word Reading Test Phonemic Factor .274** .093* .006ns
Naming Factor .002ns .056ns .001ns
Memory Factor .003ns .0l7ns .022ns
Sentence Reading Phonemic Factor .159* .087ns .133*
Test
Naming Factor .008ns .Ollns .00Ons
Memory Factor .006ns .000ns .000ns
Note. * = p < 0.05, ** = P < 0.01, ns = non-significant
The analysis revealed that phonemic awareness was the only powerful and significant
predictor, explaining 27.4% of unique variance in word reading in the middle of grade I
(p<.OI), and 9.3% of the variance at the end of the grade 1 (p<.05). The phonemic factor did
not predict word reading in the middle of grade 2. The other predictor variables (rapid naming
and short-term memory) did not predict variance in word reading at any stage in the word
reading development.
A follow-up regression analysis was performed to see if phonemic awareness could
explain unique variance in word reading even when controlling for differences in word
reading in kindergarten (the autoregressive effect). Not surprisingly, variance in early reading
ability was the most powerful predictor, explaining 24.3% of the variance in word reading in
the middle of grade I (p<.OI). However, it is important to note that phonemic awareness still
accounted for unique 4.9% of the variance in word reading (p<.05). At the end of grade I the
autoregressive effect predicted significantly 18.3% of the variance in word reading at the end
of grade I (p<.OI), while phonemic awareness did not contributed to explain additional
variance.
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The same statistical approach was used to assess how phonological skills may predict
sentence reading (see Table 3).
The hierarchical regression analysis revealed that phonemic awareness accounted for
15.9% of the variance in sentence reading in the middle of grade I (p<.OI), but the factor did
not account for significant variance at the end of grade I. Somewhat surprising was the
fmding that phonemic factor nevertheless accounted significantly for 13.3% of the variance in
sentence reading in the middle of grade 2. Neither rapid naming nor short-term memory had
any predictive power at any time of sentence reading assessment.
When sentence reading scores in kindergarten were forced into the regression analysis as
the fust predictor (the auto-regressive factor), this factor did not account for any variance in
sentence reading in the middle of grade I. However, the phonemic awareness still explained
3.7% of the variance in sentence reading (p<.05), whereas naming and memory did not
account for any significant variance in sentence reading.
Predicting word and sentence reading ability: Growth curve analysis
We also examined whether or not an assessment technique based on the progress across the
whole time period of testing (growth potential) is a more illuminating procedure than the
more traditional prediction technique.
Table 4. How phonological skills predict the regression slopes of word and sentence reading.
Slope Predictor Unique R2
Slope of Word Reading Phonemic Factor .152***
Naming Factor .046ns
Memory Factor .088ns
Slope of Sentence Phonemic Factor .007ns
Reading
Naming Factor .01Ons
Memory Factor .0020s
Note. *** = p < 0.001, ns = non-significant
62
The b-values (the slope coefficients) for each child were calculated. Then regression analyses
were performed using phonemic awareness, rapid naming, and short-term memory scores in
kindergarten as predictor variables, with the b-values as dependent variables. The results are
displayed in Table 4.
In the first analysis, the b-values for word reading growth were entered as dependent
variable. The analysis showed that the phonemic factor predicted significantly 25.2% of the
variance in the slope (p<.05), whereas memory and naming did not explain any significant
any variance in the slope.
In a follow-up analysis, the a-values were forced into the regression analysis as the first
factor. This analysis showed that the auto-regressive factor accounted for 25.2% of the
variance in the b-slope (p<.OOl), while phonemic awareness explained an additional 7.8% of
the variance (p<.05).
When the b-values for sentence reading growth were used as dependent variable, the
results on the regression analysis revealed that the none of the predictor factors contributed
significantly to explain variance in b-values. Even the sentence reading scores in kindergarten
(the auto-regressive effect) did not significantly predict any variance in the b-slope for
sentence reading.
DISCUSSION
In the present study, children were followed from kindergarten to the middle of grade 2 with
regular assessments. Two different procedures were applied to examine the predictive power
of the preschool assessment of phonological skills . .The first method determined how these
skills (phonemic awareness, rapid naming and verbal short-term memory) predicted word and
sentence reading scores at different times - in the middle and at the end of the grade 1 and in
the middle of grade 2. The second approach analysed individual growth curves on word
reading and sentence reading from kindergarten till the middle of grade 2, i.e. the progress
across the whole period of the testing. The same explanatory variables were employed in both
approaches.
Phonemic awareness in kindergarten explained above one fourth of the variance in word
reading half a year later, and about 9% of the variance at the end grade I. Even when
controlling for the auto-regressive effect, phonemic awareness accounted for unique variance
at the middle of grade I and again at the end of grade I. Our findings thereby provide further
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evidence on the importance of phonemic awareness for acquiring efficient reading ability (for
a review, see Stanovich, 2000).
The predictive power of phonemic awareness as assessed in kindergarten decreased as a
function of the time. By the middle of grade 2, phonemic awareness did not predict any
variance in word reading. Obviously many factors determine the children's progress in
reading, and phonemic awareness is only one of them. Children enter school and are given
systematic instruction in reading, and this probably helps their phonemic awareness, too.
Therefore, the decrease in predictive power over time does not mean that the relationship
between phonemic awareness and reading ability at anyone given point in time is necessarily
less important than we have come to see in recent years.
The importance of the phonemic awareness factor for reading acquisition was also
confirmed when using sentence reading as dependent variable. It is important to note that
phonemic awareness explained unique variance in both measurements in grade I and in the
middle of grade 2. Clearly phonemic awareness is also important for reading comprehension.
However, we have to consider that the sentence test used in the present study was very
simple, and that the results might have been different if more complex texts were used.
The lack of predictive power of short-term memory and rapid naming was somewhat
surprising in light of earlier research findings (Bowers, 1995; Scarborough, 1998; Wagner et
aI., 1994; Wolf, 2001). However, the auto-regressive effect and the phonemic awareness
factor might have accounted for most of the available variance to be explained.
When employing growth curve analysis, phonemic awareness was the only phonological
factor which significantly accounted for variance in the reading slope, The main result found
when using growth curve analysis is that phonemic awareness in general has a significant
impact on early word reading, a finding that adds further evidence to the critical role of
phonemic awareness as an initial enabling skill in early reading acquisition.
As reported the phonemic factor did not explain any significant variance in the b- slope
for sentence reading. This unexpected result may be caused by unreliability connected with
the sentence reading scores in kindergarten. As shown in Table 1, the mean value for sentence
reading is not higher than the value expected from pure guessing (choosing one among 4
alternatives). Therefore, the result should be interpreted with caution. A major theoretical as
well as practical issue is to explain why some children show a fast development in reading
acquisition whereas other children make slow progress. The answering of this question
certainly implies an important educational potential.
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In conclusion, the traditional prediction method determining the correlation between
variables at the different points in time and the growth curve analysis are complementary
strategies that provide a more complete picture of the predictive power of initial enabling
skins. Whichever strategy is used, our results clearly indicate that phonemic awareness is the
single most powerful predictor of early reading in a written language with a regular
orthography such as Latvian.
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Relations between enabling skills and reading comprehension: A
follow-up study of Latvian students from first to second grade
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phonemic awareness factor, a rapid naming factor, and a short-term memory factor. In order
to analyze the relationship between various phonological skills and reading comprehension, a
structural modeling analysis was performed. Phonemic awareness and rapid naming explained
approximately the same amount of unique variance in reading comprehension, but phonemic
awareness had most predictive power indirectly via word decoding. Only rapid naming had a
significant direct impact on reading comprehension.
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Several studies have documented the relationship between various phonological skills and
reading acquisition (for overview, see Badian, 2000; Blachman, 1997; Heien & Lundberg,
2000; Snow, Bums, & Griffin, 1998; Snowling, 2000; Stanovich, 2000). Especially three
skills have been at the focus of interest: phonemic awareness, rapid naming, and verbal-short
term memory.
Phonemic awareness refers to the ability to segment a word into its constituent phonemes
and the ability to consciously manipulate these linguistic units. Most studies have concluded
that phonemic awareness is the single most important phonological factor underlying efficient
reading acquisition (Brady 1997; Lundberg & Heien, 2001; Share & Stanovich, 1995;
Wagner, Torgesen, Rashotte, Hecht, Barker, Burgess, Donahue, & Garon 1997), and skill in
phonemic awareness in preschool children can successfully predict later reading achievement
(for overview, see Badian 2000; Lundberg, Frost, & Petersen, 1988; Snow, Bums, & Griffin,
1998). Finally, difficulties in phonemic awareness have also been identified as the most
critical factor underlying the severe word-decoding problems displayed by reading-disabled
individuals (for overview, see Adams, 1990; Blachman, 2000; Rack. Snow ling, & Olson,
1992; Snowling, 1981, 2000).
It is also well documented that automatic word decoding skill is a prerequisite for
understanding written text (Perfetti, 1985; van der Leij & van Daal, 1999). A slow and faulty
word decoding process consumes cognitive resources, leaving less mental resources available
for the comprehension process (for overview, see Heien & Lundberg, 2000; Stothard &
Hulme, 1992).
We should also consider the possibility of there being a direct connection between
phonemic awareness and reading comprehension. Phonemic awareness requires the student
to have achieved a level of cognitive ability where it is possible to perform "decentering" (cf
Piaget s theory). The student's ability to reflect on his/her reading process is thus probably
related to more general metacognitive processes that facilitate text comprehension (Byrne,
Fielding-Bamsley, Ashley, & Larsen, 1997; Lundberg, 1978; Tunmer & Chapman, 1995). In
this way lack of phonemic awareness may more directly impede reading comprehension
(Adams, 1990; Share & Stanovich, 1995) over and above what is mediated by poor word
decoding.
Rapid naming IS another phonological skill that may have impact on reading
comprehension. Rapid naming refers to the ability to retrieve words very quickly. It is usually
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assessed through the ability to name colors, letters, numbers or objects quickly upon their
presentation. It is considered relevant to reading because it is indicative of how readily
children can gain access to a sound, a speech sound-sequence, or a word meaning (Bowers &
Swanson, 1991; Cornwall, 1992) and efficiently process long, ordered strings of items. Thus,
rapid naming is expected to have a direct influence on reading comprehension.
Performance in reading comprehension may also depend on verbal short-term memory.
Verbal short-term memory refers to the temporary storage of information that is being
processed in any of a range of cognitive tasks. When decoding words, the beginning reader
has to be able to decode a series of graphemes, and temporarily store the resultant phonemes
in the correct order. Because this blending process demands valuable cognitive resources, it is
important that the storage of the sounds functions smoothly.
Scarborough (1998) refers to eleven studies that report moderate and significant
correlations between short-term memory skills and reading ability. Short-term memory is also
important when constructing meaning above the level of identifying single words (McDougal
& Hulme, 1994; Oakhill & Yuill, 1996; Scanlon & Vellutino, 1997; Stothard, 1994). For
example, when reading sentences, the reader needs to have lexical access to the phonological
and semantic identities of many words at the same time. The short-term memory also stores
phonological identities at the word level, and this information is critical for obtaining success
when reading and interpreting sentences.
Phonological skills may have both an indirect and a direct impact on reading
comprehension. The indirect impact goes through word decoding, and, as already mentioned,
it is clearly documented that word decoding and reading comprehension are highly correlated
(for overview, see Adams, 1990; Jackson & Coltheart, 2001; Snowling, 2000). Especially at
the early stage of learning to read, ability in word decoding explains most of the variance in
reading written text (Share, 1995; Share & Stanovich, 1995). Due to the fact that abilities in
phonological skills, and primarily ability in phonemic awareness, play a critical role in
acquiring word decoding competence (see Stanovich, 2000), we may assume that
phonological skills have a substantial indirect impact on reading comprehension. On the other
hand, it is also possible that phonological skills may have a direct impact on reading
comprehension above and beyond the indirect influence via word decoding.
In sum, the present study investigates both the interrelationships between phonemic
awareness, rapid naming and verbal short-term memory among Latvian students in grade 1,
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and the power each of these phonological skills might have in predicting variance in reading
comprehension ability one year later. In contrast to most earlier studies addressing the
relationship between enabling skills and reading comprehension, the present study has a
longitudinal design allowing a stronger interpretation of causal directions. The structural
modeling approach taken in the present study will then have a stronger empirical foundation
than has been the case in earlier cross-sectional studies.
METHOD
Subjects
A total of 55 monolingual Latvian-speaking first grade students (29 girls and 26 boys), were
selected to participate in the follow-up study from grade I to 2. Their age in grade I ranged
from 7 to 8 years (M = 7 years and 3 months, SD = 4.4 months). Four students moved away
during first grade, and thereby, leaving 51 as participants in the follow-up study. The drop out
of children seemed to be rather random, primarily caused by parents moving to other cities in
Latvia.
The students belonged to seven different public schools in the city of Riga, where families
in this community were predominantly of lower middle-class to middle-class income level.
Tests
The tests in the present study assessed both phonological skills and reading ability.
Two tests were used to assess phonemic awareness: phoneme deletion and phoneme
segmentation.
Phoneme deletion: This test assessed the child's ability to identify and delete the first or
the last phoneme of the target word and provide the pronunciation of the word or nonword
remaining after this deletion. The target phonemes were consonants in 17 of the test items and
vowels in 3 items. The test had two practice items with feedback support and 20 experimental
items without feedback. The words varied in length from 3 to 10 phonemes (mostly one-
syllable and two-syllables words), and alI of them were selected from the vocabulary used by
children at this age. Experienced school teachers constructed the word list based on their
thorough knowledge of the typical vocabulary of children at this age. For the first half of the
items, the children were asked to delete the initial phoneme; for the second half, they had to
delete the final phoneme. In 7 test items the phoneme deletion produced a word, whereas in
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13 test items the correct answer was a pronounceable non word. The performance score was
the total number of correct responses.
Phoneme segmentation: The phoneme segmentation test assessed the child's ability to
identify the constituent phonemes of orally presented words. The test included two practice
items with feedback support, and 20 experimental items without feedback. The words varied
from short and phonologically simple words at the beginning of the test to longer and
phonologically complex words at the end (from 4 to 9 phonemes). All words were a part of
the children's receptive vocabulary. The experimenter read the word aloud with normal speed
and articulation. The children had to segment the word into its constituent phonemes and
provide the sounds aloud. The performance score was the number of words segmented
correctly.
Two subtests were used to assess rapid naming: object naming and color naming.
Object naming: This test was used to assess the child's ability to retrieve the phonological
representation of words presented as drawings on a sheet of paper. Five familiar objects were
depicted: an apple, a house, a tree, a sun, and a star. The drawings of each object occurred
several times in random order on the sheet (total number of pictures on the sheet was 180).
Time limit was 1 minute. A practice task was given showing all five drawings with feedback
response. The performance score was the total number of objects named correctly during the
testing time.
Color naming: This subtest was similar to object naming. The task consisted of 5 colors:
black, green, blue, red, and yellow, which occurred several times in random order on a sheet
of paper (total number of items on the sheet was 180). A practice task with feedback for all
five colors was given. The performance score was the number of correctly named colors
during a time limit of one minute.
Verbal-short term memory was assessed by a digit-span test and by a letter-span test.
Digit span: The Digit Span subtest of the Wechsler Intelligence Scale for Children -
Revised (WISC-R; Wechsler, 1974) was used to assess memory for digits. The strings of
digits were presented orally with about 1/2 second between each digit. The child had to repeat
the digits in each string in correct order. The strings started with only two digits, and one digit
was added for each new digit string. The test continued until the child made a mistake on two
subsequent strings. The child got two practice examples with feedback support before the test
items were presented, but otherwise no feedback was given. The performance score was the
number of digits in the longest string repeated correctly.
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Letter span: This test was similar to the digit-naming test, but instead of digits, strings of
letters were used. Again, two practice examples with feedback support were provided before
presenting the letter strings. The performance score was the number of letters in the longest
string repeated correctly.
Reading words: The task was to read a series of 60 experimental words aloud. The words
varied in length (from 2 to 15 letters), number of syllables (from 1 to 8 syllables), and
phonological/orthographic complexity. All words were written on a sheet of paper and
presented in a l2-point font. Two practice tasks with feedback support were given, but no
feedback was given on the experimental tasks. Again, two kinds of performance scores were
registered: (I) the number of correctly read words, and (2) the time (in seconds) taken to read
the words. A combined word reading score was calculated by dividing accuracy by time, and
this measure was used in the subsequent analyses.
Reading nonwords: This task consisted of 60 experimental non-words and with two
practice items with feedback support. The nonwords were constructed with the similar level
of phonological complexity as commonly encountered in the Latvian language. The nonwords
varied in length from 3 to 13 letters, and the number of syllables varied from I to 5. All
nonwords were presented on a sheet of paper, again with 12 point font. Two kinds of
performance scores were registered: (I) the number of nonwords decoded correctly and (2)
the time (in seconds) taken to decode the nonwords. A combined nonword reading score was
calculated by dividing accuracy by time, and this measure was used in the subsequent
analyses.
Reading comprehension was assessed by two tests: sentence reading and text reading.
Sentence reading: The child was presented with two practice sentences and 60 experimental
sentences with five pictures below each sentence. The task was to read each sentence and
choose the one of the five alternative pictures that corresponded to the target sentence.
Feedback support was given on the two practice sentences. During the experimental tasks,
however, no feedback was provided. The time limit for this test was 10 minutes. The
sentences used varied in length and syntactical structure, and they were all in active form. The
performance score was the total number of pictures correctly marked during the time
provided.
Text reading: The children were presented with three passages along with multiple choice
questions for each. They were asked to read a text and choose the one of the four alternative
answers that corresponded to the target question. Each passage was printed on a separate sheet
of paper. The texts were presented in order of increasing difficulty from 7 to 10 sentences.
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There were 4 questions after the firsttext and 6 questions after the last two texts. Two kinds
of performance scores were registered concerning each text: (I) the number of answers
marked correctly and (2) the time (in seconds) taken to complete the text with answers. For
each of the subtests, an index score for text reading efficiency was calculated by dividing
accuracy by reading time, and finally a composite text score was calculated by adding the
index scores on the three texts employed. This composite score was used as a measure of text
reading ability.
Procedure
The first assessment was administered in the middle of grade I and repeated one year later.
The tests were administered to the children individually by trained research assistants during
one or two sessions. In order to provide optimal testing conditions, no session exceeded a time
limit of 30 minutes.
The test results were recorded on specially prepared scoring sheets, where the research
assistants were only required to mark each child's response. Each assistant did the scoring
individually in accordance with a clear description of how to score the different tests. All
scoring was checked by one of the researchers responsible for the study.
RESULTS
Descriptive data
Table I presents the means, standard deviations, maximum scores, ranges, and skewness for
all variables used in the present study.
The scores on the various phonological tasks had approximately normal distribution. A
modest ceiling effect was found for the subtests phoneme deletion and phoneme segmentation.
The sentence reading test also showed a normal distribution, while minor skewness was found
on word reading and text reading.
The correlation matrix presented in Table 2 shows the Pearson correlations (Bonferroni
corrected) between the various tests used in the present study.
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Table 1. Means, standard deviations and ranges for the measures of phonological skills and
reading abilities
Task Mean SD Max. Range Skewness
Phoneme deletion 15.54 3.78 20 18 -1.30
Phoneme segmentation 12.46 4.97 20 19 -.66
Object naming 53.50 11.26 79 52 .10
Color naming 54.70 12.63 85 56 .16
Digit span 4.04 1.03 6 4 -.07
Letter span 3.86 .96 6 4 -.21
Word reading:
Word reading (accuracy) 55.28 4.14 60 20 -1.80
Word reading (time in sec.) 128.02 68.21 316 272 1.14
Nonword reading:
Nonword reading (accuracy) 48.20 9.03 60 45 -1.56
Nonword reading (time in sec.) 182.14 76.80 478 390 1.47
Sentence reading 47.31 12.36 78 53 .31
Text reading:
I. Text reading (accuracy) 3.59 .64 4 2 -1.31
1. Text reading (time in sec.) 101.71 62.58 310 271 2.12
2. Text reading (accuracy) 3.82 .48 4 2 -2.80
2. Text reading (time in sec.) 147.76 85.07 422 372 1.57
3. Text reading (accuracy) 4.80 1.27 6 4 -.91
3. Text reading (time in sec.) 279.10 155.26 750 656 1.17
Note. Phonological skills were assessed in the middle of grade I, reading tasks - in the middle of grade 2.
Not unexpectedly, the highest correlations were found between the following subtests:
Phonemic segmentation and phonemic deletion, between color and object naming, and
between digit-span and letter-span, respectively. Almost all phonological tasks (except the
short-term memory tests) correlated significantly with reading tasks, and the reading tasks
assessed in the study were significantly correlated with each other.
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Table 2. Correlation matrix of phonological skills and reading abilities (Bonferroni corrected)
Tests I. 2. 3. 4. 5. 6. 7. 8. 9. 10.
I. Phoneme 1.000
deletion
2. Phoneme .676** 1.000
segmentation
3. Object .168 .141 1.000
naming
4. Color .117 .111 .839** 1.000
naming
5. Digit .141 .139 .211 .112 1.000
span
6. Letter .102 .075 .065 .007 .447** 1.000
span
7. Word reading .569* .501* .331 * .286* .107 .122 1.000
(index)
8. Nonword .599* .554* .233* .216* .121 .129 .569** 1.000
reading (index)
9. Sentence .245* .207 .271* .205* .110 .119 .323* .301* 1.000
reading
10. Text reading .176 .141 .208 .221* .112 .066 .287* .219* .589** 1.000
(index)
Note: Significance level of correlation (two tailed): * p < 05, **p < 0 I.
Interrelationships between phonological skills
One way to conceptualize the relationships among the phonological skills is in terms of the
factor composition. A principal component analysis (rotated, varimax) was run on 6 subtests.
The analysis yielded 3 factors with eigenvalues greater than one. The results are displayed in
Table 3.
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Table 3. Principal components loadings for all phonological variables
Variables Naming Phonemic awa. Memory
Variance explained 46.36% 23.01% 14.79%
Phoneme segmentation 0.205 0.894 0.081
Phoneme deletion 0.213 0.870 -0.166
Color naming 0.919 0.252 -0.020
Object naming 0.937 0.187 0.096
Digit span 0.249 0.231 0.785
Letter span -0.204 0.025 0.890
No/e. Phonemic awa. = phonemic awareness
The first factor loaded highly on two subtests: phoneme segmentation and phoneme deletion
and was labeled phonemic awareness. A second factor, labeled rapid naming, loaded highly
on object naming and color naming. The third factor, which was calIed short-term memory.
loaded highly on the tasks assessing digit and letter span. Altogether the three factors
explained 84.2% of the total variance. Most of the variance was explained by rapid naming
(46.4%), whereas phonemic awareness accounted for 23.0% of the variance. FinalIy short-
term memory only explained 14.8% ofthe total variance.
Our results provide additional evidence that phonological skills are not a unitary construct,
but reflect separate underlying ski lIs (McDougal & Hulme, 1994).
Relationship between phonological skills and reading comprehension
One way to conceptualize direct and indirect relationships among the variables is in terms of
structural modeling analyses. Figure I presents a structural model with the manifest and latent
variables used in the present study. The suggested model is a formalization of the assumptions
proposed in the introductory section. However, possible direct effects of the phonological
subskills on reading comprehension have not been marked.
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Figure I. Latent and manifest variables in the structural model.
Note: U ~ Unique variance, Pb.S ~ Phonological Segmentation, Ph.D ~ Phoneme Deletion, DR =Digit
Repeating, LR = Letter Repeating, Obj.Na ~ Object Naming, Obj.Co = Object colour, PhA = Phoneme
Awareness, RAN = Rapid naming, STM ~ Short-term Memory, WD = Word Decoding. WR =Word
recognition, NWR = Nonword Decoding, RC = Reading Comprehension, SR = Sentence Reading, Tl: Text I,
T2 ~ Text 2, T3 ~ Text 3.
In structural analyses there are in particular two indices of importance when evaluating
whether or not (or to what degree) the models meet the demands of fitness: The Steiger-Lind
RMS index, and the Adjusted Population Gamma Index. The RMS index can be thought of as
a root mean square standardized residual, adjusted for model complexity. Index value below
.10 indicates that the model has an acceptable fitness. Adjusted Population Gamma Index is
another measure of a model's suitability, and this index is described as "a coefficient of a
model determination adjusted for model complexity". Values above .90 are considered to
indicate good fitness, while values over .95 show, according to Steiger (1989), excellent
fitness. In the present study, structural modeling was assessed by using the statistical program
called EZPath (Steiger, 1989). The model presented in Figure 1 had a good fitness with a
Steiger-Lind RMS index equal to .097, and with an Adjusted Population Gamma Index of
.92.
Figure 2 displays a simplified version of the structural model presented in Figure I,
depicting the latent variables for phonemic awareness, rapid naming, short-term memory,
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word decoding, and reading comprehension. The path coefficients are written on the arrows
connecting the latent variables.
Figure 2. Path correlations between latent variables.
Note: PhA = Phonemic Awareness, RAN =Rapid Naming, STM =
Short-term Memory, WD = Word Decoding, RC = Reading
Comprehension. * = p < .05, ** = p < .01, *** = p < .001.
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In the present study, both phonemic awareness and rapid naming had a significant indirect
impact (via word decoding) on later reading comprehension. Indirectly phonemic awareness
accounted for about 11.6% of the variance in reading comprehension (b = .33, p < .05) The b-
coefficient is equal to the product of the coefficient between phonemic awareness and word
decoding (b = .53, p < .01) and the coefficient between word decoding and reading
comprehension (b = .63, p < .001). As shown in Figure 2, the direct impact from phonemic
awareness on reading comprehension was not significant.
The findings were not unexpected. Previous research has documented that phonemic
awareness is critical in acquiring efficient word decoding ability, and skills in word decoding
is a prerequisite for reading comprehension (Badian, ]993; Bowers & Swanson, ]991;
Vandervelden & Siegel, 1995; Wagner, Torgesen, & Rashotte, 1994). The predictive power of
phonemic awareness to account for variance in reading performance is also reported by
Sprugevica and Heien (in print, b) where both traditional hierarchical regression and linear
growth curve analyses were used. In the present study, however, phonemic awareness did not
have any direct impact on reading comprehension (b = .14, P = ns.).
Compared with phonemic awareness, rapid naming explained indirectly only 6.3% of the
variance in the dependent variable (b = .25, P < .05). The low indirect relationship between
rapid naming and reading comprehension is also in accordance with earlier research reporting
correlation coefficients between .30 and .40 between these two variables (Bowers & Swanson,
1991; Wagner et al., 1994). However, it is interesting to notify that rapid naming had a
significant direct impact on reading comprehension explaining 6% of unique variance in the
independent variable (b = .25, P < .05).
It was somewhat surprising that short-term memory did not have any significant impact on
reading comprehensions, neither directly nor indirectly. Earlier research has reported
significant correlation between short-term memory and word decoding varying between .28
and .44 (Bowers & Swanson, 1991; Bowey, Cain, & Ryan, 1992; Wagner et al., 1994). As
expected, the path coefficient between word decoding and text reading was high (b = .63, P <
.00]).
DISCUSSION
Our study shows that both phonemic awareness and rapid serial naming had significant
indirect impact on reading comprehension, but phonemic awareness was most powerfuL On
the other hand, only rapid naming had a direct impact on reading comprehension.
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There has been some discussion about the relationship between phonemic awareness and
rapid naming. Wagner and Torgesen (1987) assumed them both to be a reflection ofa unitary
phonological process. Other researchers, however, did not find any strong correlation between
these two skills (Badian, 1993; Cornwall, 1992; Felton & Brown, 1990). This suggests that
rapid-naming tasks appear to measure something separate from phoneme awareness (for
overview, see Wolf, 2001). Students who have problems with both tasks tend to be at the
lowest end of the reading continuum, indicating that a "double-deficit" may cause these
severe reading difficulties (Wolf & Bowers, 1999). In a study by Sprugevica and Heien (in
print, a), among the same students one year earlier when they attended kindergarten, the
analysis gave three different latent factors: Phonemic awareness, rapid-naming, and short-
term memory. Obviously early reading teaching does not cause any difference regarding the
issue.
In our analyses phonemic awareness contributed to explain indirectly a substantial amount
of variance in reading comprehension. This finding is in accordance with an abundance of
earlier research showing that phonemic awareness is as strong predictor for future reading
(Blachrnan, 1997; Bradley & Bryant, 1983; Lundberg et aI., 1988; Lundberg & Heien, 1989;
McGuinness, 1997; Share, 1995; Snow ling & Nation, 1997).
However, phonemic awareness did not have any direct impact on reading comprehension.
Our results, thereby, are not in accordance with findings by Engen and Heien (in print) who
reported that phonemic awareness directly explained 15% of the variance in reading
comprehension.
In our study rapid serial naming had both indirect and direct impact on variance in reading
comprehension. The indirect impact was substantially lower than the impact from phonemic
awareness (only about half the size). But nevertheless, rapid naming is correlated with word
decoding, and thereby indirectly related to reading comprehension. An interesting finding in
the present study is that rapid naming directly explained about 6% of the variance in reading
comprehension. When summarising the direct and indirect impact on reading comprehension,
our fmdings show that phonemic awareness and rapid naming contributed to explain
approximately the same amount of unique variance in the dependent variable. Thereby our
findings are in accordance with Scarborough (1998) who in her review of longitudinal studies
concluded that rapid naming is at least as strongly related to later reading skills as phonemic
awareness. Other researchers, for example, Pennington, Cardoso-Martins, Green, & Lefly
(200 I) claim that rapid serial naming is less powerful at explaining variance in reading skills
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than phonemic awareness. However, they also report that variation in rapid serial naming is
particularly important for fluent text reading, whereas phonemic awareness is important for
development of the ability to read. Therefore, it seems reasonable to assume that naming is
more related to reading at later stages in reading development, for example when the reader is
using an orthographic decoding strategy and has to name the words quickly (see also Wolf,
2001).
This assumption is also in accordance with findings reported by Sprugevica and Heien (in
print, b). When using a similar test battery, phonemic awareness was the only factor among
students in kindergarten that significantly contributed to explain variance in sentence reading.
Obviously the age when the assessments are performed, is a critical factor. Among students in
kindergarten, who are about to acquire competence in understanding and using the alphabetic
principle, phonemic awareness is clearly a more powerful predictor of reading achievement.
However, later on, as for example in grade 2, phonemic awareness for most of the children
presumably has been sufficiently acquired via having learned the alphabetical principle,
reading may be more dependent on rapid naming.
In the present study, no significant direct or indirect path coefficients were found between
verbal-short term memory and reading comprehension. This result was somewhat
surprisingly. Studies assessing correlations between verbal short-term memory and word
decoding have found correlations between 0.25 and 0.45 (Bowers & Swanson, 1991; Bowey
et aI., 1992; Wagner et aI., 1994). However, there are some studies which show that short-
term memory is not significantly related to reading when phonemic awareness is partialed out
(Rohl & Pratt, 1995; Wagner et al., 1994). In the present study reading comprehension, not
word decoding, was the dependent variable. When addressing reading comprehension,
presumably more complex memory processes are needed than those needed when decoding
single words. The work of numerous investigators has shown that the relationship between
memory skills and reading comprehension is not straightforward (Stothard, 1996). For
example, a student reading a sentence in a text must have access to previously mentioned
actors and objects in order to grasp who or what the pronouns are referring to. He/she also
needs contextual information to integrate coherently information presented in the current
sentence with the text previously read. Therefore, a reader may be unable to comprehend a
written sentence even when he/she has lexical access to each single word in the sentence
(Stothard & Hulme, 1992; Yuill & Oakhill, /991). The simple short-term memory tasks used
in the present study are probably not powerful enough to capture the more critical working
memory processes most important when reading connected text.
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Our results should be interpreted with some caution. The sample in the present study is
somewhat restricted. A more comprehensive study is recommended. When including more
students it will be possible to run separate analyses for subgroups of students, for example
students with dyslexia. It may be the case that the predicative power of different phonological
skills on reading comprehension may vary depending on the skills in word decoding.
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